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ABSTRACT 

£SJ ; The AzTEC 1.1mm survey of the two SCUBA HAlf Degree Extragalactic Survey 

J> , (SHADES) fields is the largest (0.7 deg 2 ) blank-field millimetre- wavelength survey un- 

<^> • dertaken to date at a resolution of ~ 18 arcsec and a depth of ~ 1 mJy We have used 

\ the deep optical-to-radio multi-wavelength data in the SHADES Lockman Hole East 

CO ! and SXDF/UDS fields to obtain galaxy identifications for ~ 64% (~ 80% includ- 

ing tentative identifications) of the 148 AzTEC-SHADES 1.1mm sources reported 
I/"") \ by Austermann et al. (2010), exploiting deep radio and 24/Kin data complemented 

<^> • by methods based on 8 /im flux-density and red optical-infrared (i — K) colour. This 

unusually high identification rate can be attributed to the relatively bright millimetre- 
wavelength flux-density threshold, combined with the relatively deep supporting multi- 
frequency data now available in these two well-studied fields. We have further exploited 
the optical-mid-infrared-radio data to derive a ~ 60% (~ 75% including tentative 
/\ . identifications) complete redshift distribution for the AzTEC-SHADES sources, yield- 

H ■ ing a median redshift of z ~ 2.2, with a high-redshift tail extending to at least z ~ 4. 

Despite the larger area probed by the AzTEC survey relative to the original SCUBA 
SHADES imaging, the redshift distribution of the AzTEC sources is consistent with 
that displayed by the SCUBA sources, and reinforces tentative evidence that the red- 
shift distribution of mm/sub- mm sources in the Lockman Hole field is significantly 
different from that found in the SXDF/UDS field. Comparison with simulated sur- 
veys of similar scale extracted from semi-analytic models based on the Millennium 
simulation indicates that this is as expected if the mm/sub-mm sources are massive 
(M > 10 11 M ) star-forming galaxies tracing large-scale structures over scales of 10- 
20Mpc. This confirms the importance of surveys covering several square degrees (as 
now underway with SCUBA2) to obtain representative samples of bright (sub)mm- 
selected galaxies. This work provides a foundation for the further exploitation of the 
Spitzer and Herschel data in the SHADES fields in the study of the stellar masses and 
specific star-formation rates of the most active star-forming galaxies in cosmic history. 

Key words: galaxies: distances and redshifts - galaxies: evolution - galaxies: high- 
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1 INTRODUCTION 

The objects uncovered by high galactic latitude surveys 
at (sub) millimetre wavelengths (generally termed 'sub- 
millimetre galaxies'; SMGs), are now understood to be 
distant (z ~ 2-3) and massive (~ 10 1 1 M B ) star-forming 
galax ie s (lAretxaea et all 120031. 120071: IDannerbauer et all 



20041; 



Takagi ct al 



Greve et alJ 



200' 



Sin.- dl et all 120041; ISwinbank et all 12004 
20041 ; iBorvs et al.ll2005l; IChapman et_alj 
20051: iTacconi et all 120061. 1200 

JT 



200( 



200E 



Amblard ct al. 



20111: I Wardlow et al.) |20 1 ll; 



-ft" 

Hainline ct al. 2011; Havward ct al. 2011; Targctt et al 



20ld: iDunlop et aLlBoiol; lEngel et al 



Ealcs ct al 



20ld; llVlichalowski et al.ll2010allbl. I2OI2I: ISantini et al.ll2oiol 



all l201ll; iBetherrmn et all |2012|; 
Bussmann et all 12012; ; IShimizu et al.l |2012| ; lYun et all 
20121 ). However, the role of these spectacular objects in 



the cosmic history of galaxy/star formation has yet to be 
properly established. 

The majority of the submillimetre surveys under- 
taken with the Submillimetre Comm on-User Bolometer Ar- 
ray (SCUBA; iHolland et ail 1 19991 ) on the James Clerk 
Maxwell Telescope (JCMT) covered small (< 0.03 deg 2 ) 
fields due to sensitivity and time constraints (I S mail et al.l 
Hughes et all ll99Sl; iBarger et al J 1 19981. Il999l. | 2000 |. 




2002; 



Chapman et al 
IWang 



. .20011. 120031; IScott et all 1 2002 
et all l2004l ; ICoppin et ail I2OOE 



Webb et al l 12003 : _ 

Pope et "al] 120061 ). Only two submillimetre surveys com- 
pleted to date cover a significant fraction of a degree: the 
SCU BA HAlf Degree Extragalactic Survey (SHADES; 0.2 
deg 2 ; lMortier et alj|2003 ; ICoppin et al.ll2006ft undertaken at 
the J CMT, and the 870 /im survey of the ECDFS field (0.25 
deg 2 ; IWeifi et all 12009ft perform ed with the Large APEX 
BOlometer CAmera (LABOCA; ISiringo et alll2009ft on the 
Atacama Pathfinder Experiment (APEX). 

At slightly longer wavelengths (1.1-1.2 mm) sur- 
veys with the Max-Planck Millimeter Bolometer array 
(MAMB O) on the IRAM 30-m telescope, and with the 
AzTEC (|Wilson et all 120081 1 on the JCMT and Atacama 
Submillime tre Telescope Experiment (ASTE; lEzawa et al.l 



/uikh. /uueu nave 
(iGreve et al.l 12004 


P 


enerany coverea areas 01 <. u./o aeg 
20081: iBertoldi et al.ll2007l: iPerera et all 


20081; Scott et al. 




2008. 2010|; Austermann et al.l 2009; 



exceptions are the MAMBO survey of the (possibly 
lensed) field of th e cluster Abell 2125 totalling 0.44 deg 2 
ijWagg et alJl2009l ). and the AzTEC/ ASTE survey of the 
COSMOS field with a ~ 34 arcsec beam covering 0.72 deg 2 
jAretxaga et alj|201lft . 

There are number of reasons why it is necessary to anal- 
yse SMC properties in fields with significant sizes (of the 
order of a deg 2 or more). Smaller fields miss the rare mem- 
bers of the SMC population, i.e. both low- and high-redshift 
parts of the distribution as well as the bright-end of the lu- 
minosity function. Moreover, the clustering properties and 
large-scale structures traced by SMGs can only be studied in 
fields larger than these structures. Finally, significant field- 
to-field variation (cosmic variance) advocates the need of 
observing multiple well-separated fields. 

Here we analyse the properties of the galaxies detected 
in the largest very deep (rms 0.9-1.7 mjy per beam) blank- 
field millimetre survey of the Lockman Hole East and the 
Sub&ru/ XMM-Newton Deep Field (SXDF) (aka UKIDSS 



Ultra Deep Survey (UDS) field) conducted with AzTEC 
mounted on the JCMT (beam size 18 arcsec FWHM) w hich 
covers a total area of 0.7 deg 2 (|Austermann et al"1l2010l ). At 
present, the only substantially larger millimetre- wavelength 
survey is the 87 deg 2 s urvey program und ertaken with the 
South Pole Telescope l|Vieira et alJ l2010h . but this has a 
much larger beam size (~ 60 arcsec) and much lower sen- 
sitivity (3.4 mjy at 1.4 mm, which corresponds to 6.5 mjy 
at 1.1mm assuming the average SMG spectra l energy dis- 
tribution (SED) from lMichalowski et allhoiOal at z = 2-3). 

The AzTEC survey considered here incorporates the 
two smaller fields (totalling ~ 0.2 deg 2 ) covered by the orig- 
inal SCUBA-SHADES 8 50 jum imaging . The 850 fim sources 
uncovered by SCUBA (jCoppin et all 2006) have already 
been the subject of extensive multi-frequency analysis, in- 
cluding the identification of their galaxy counterparts via 
radi o (VLA 1.4 GHz) and mid-IR (Spitzer 24 /im) imag- 
ing (jlvison et al.ll2007ft . estimation of their redshifts from 
the observed submillimetre-radio SEDs (jAretxaga et al.l 
12007ft . further redshift estimation and stellar mass deter- 
mina ti on based on the optical-infrared data iFrakagi et "all 
l2007l ; iDve et all 120081; IClements et al l 12008ft . follow-up 
imaging at 350 (im (jCoppin et al .1 12008ft. and studies of 
their environments and clustering (|Serieant et all 120081 ; 
Ivan Kampen et "al1 l2005). Individual SHADES sources have 
also been the s ubject of detailed h i gh-resolution follow-up 
with the SMA (|Younger et afll2008l : lHatsukade et ai]|2010ft 



and with Spitzer mid-infrared spectroscopy jCoppin et al.l 
2010). A final analysis of the redshift distribution and prop- 
erties of the SCUBA-SHADES galaxies will be presented in 
Schael et al. (in preparation). 

As is well-known, the large beams delivered by cur- 
rent single-dish (sub)millimetre facilities hampers the search 
for robust counterparts at other wavelengths. Usually the 
radio observations are used, both because the radio emis- 
sion is believ ed to be related to the far-IR emission (e.g. 
ICondonlll992j ). and because the surface number density of 
bright radio sources is relatively low (and hence associa- 
tions are often unique and statistically significant). Experi- 
ence has shown that radio identifications can typically be 
secured for ~ 30-70% of SMGs; the precise percentage de- 
pends on the relative depths of the (sub)millimetre and ra- 
dio data (llvison et al.ll2002l. 120071: IDannerbauer et al.ll2004 



2010 



2011 



Pope et alj|200a: IChapin et alj 120091 " Arctxaga ct al 



Chapin et al.ll201ll ; iBiggs et al.ll201ll : IWardlow et al 



201lft . with completion rates of up to 80% being achieved 
for the relatively brig ht (5i.i mm > 4mJ y) a nd /or possi- 
bly le nsed samp les of Ivison et al. _j|2005ft and IWagg et al.l 
(|2009h . Recently Eindner et alj i|201lft obtained a 93% iden- 



tification (ID) rate for a sample of 41 SMGs using very deep 
radio data. Attempts have been made to boost the iden- 
tification fraction further using, for example, Spitzer MIPS 
24 /im data, but these have generally resulted in only a mod- 
est increase in th e number of secure galaxy counterparts 
l|lvison et al.ll2007ft . It has also been shown that for 30-60% 
of SMGs (depending on depth) one can o btain 3-8 /xm coun- 
terparts using the Spitzer/IRAC data (|Ashbv et al.l 120061 ; 
IPope et al.ll2006l ; IBiggs et alj|201lft . 

The objective of this paper is to provide secure iden- 
tifications and photometric redshifts for as many as pos- 
sible of the 148 AzTEC-SHADES 1.1mm sources, exploit- 
ing not only the latest extremely-deep VLA/GMRT radio 
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and Spitzer MIPS 24 /mi data, but also the deep Spitzer 
IRAC 8 /jm maps, and the ever-improving optical-near- 
infrared imaging which has now been secured within both 
the UDS/SXDF and Lockman East fields. There are two 
reasons to expect that we should be able to secure a 
higher ID fraction for the AzTEC-SHADES sample than 
has been obtained for any previous large (>100 source) 
and complete sample of (sub)millimetre sources. The first 
is that our 1.1mm source sample is relatively bright Q and 
so we are not probing the faint part of the high-redshift 
(sub)millimetre luminosity function. The second is that, over 
the required ~ 0.7 deg 2 area, the radio, mid-infrared and 
near-infrared/optical data are among some of the deepest 
currently available. These considerations have encouraged 
us to try to refine the use of mid-infrared data and optical- 
infrared colour information to maximise the completeness 
of the galaxy identifications and hence the inferred redshift 
distribution of the AzTEC 1.1mm sources. 

Here we present the final results of this ID analysis, 
and derive photometric redshifts for the galaxies in the re- 
sulting near-complete SMG sample. We explore the implica- 
tions of the inferred redshift distribution of this SMG sam- 
ple, comparing it with redshift distributions previously re- 
ported from other, smaller, mm-wavelength surveys. We also 
explore the consistency of the redshift distributions of the 
AzTEC sources found in the two separate SHADES survey 
fields, as well as comparing the AzTEC source redshift dis- 
tribution with that already derived for the SCUBA 850 /im 
sources. Further analysis of the full SEDs of the AzTEC 
sources, including derived physical properties such as star 
formation rates and stellar masses, is deferred to a future 
paper. 

This paper is structured as follows. In Section[2]we sum- 
marize the available multi-wavelength data. Then, in Sec- 
tion [3] we describe the methods used to identify potential 
galaxy counterparts at other wavelengths, and to assess their 
statistical significance/robustness. The resulting galaxy IDs, 
photometric redshifts, and optical-infrared SEDs are pre- 
sented in Sections [4] [5] and [6] respectively, with notes on 
individual sources provided in Appendix A. In Section [7] 
we explore the implications of the derived redshift distribu- 
tions, and assess the evidence for large-scale structure with 
the aid of simulated AzTEC surveys extracted from cosmo- 
logical simulations. Section [8] closes with our conclusions. 
We use a cosmological model with Ho = 70kms -1 Mpc - , 
JIa = 0.7 and Q m = 0.3, and give all magnitudes in the AB 
system. 



1 The rms o f the AzTEC 1.1mm da ta in the SHADES fields is 
0.9-1.7 mjy ( Austcrmann ct al. 2010), i.e. a factor of ~ 2 shal- 
lower than for the AzTEC sur vey of the GOODS-S field (rms 
0.48-0.73 mjy (Scott et al.ll20ld )) and for the LESS survey of the 
ECDFS (rms 1.2 mjy at 870 /im iWeifi et al.ll2009T) , correspond- 
ing to 0.6-0.7 mjy at 1.1 mm assuming the average SMG spectral 
energy distribution from iMichalows ki et al.l i2010aT ) at z = 2-3. 



2 DATA 

We u tilised the JCMT/ AzTEC 1.1 mm maps and catalogues 
from lAustermann et all fcOld Pl These data cover 0.7 deg 
to an rms depth of 0.9-1. 7 mjy per beam. We se lected 
all 148 sources presented by lAustermann et al.l {2010) with 
signal-to-noise ratios (S/N) > 3.5, and adopted the statisti- 
cally deboosted 1.1mm flux densities. 

The V LA 1.4 GHz and GMRT 61 G Hz radio data, were 
taken from llvison et al.l |2005l . l2007h and llbar et all (|2009l . 
l201Ch respectively. The la rms depths at the centre of the 
radio images are 6 and 9 /iJy beam -1 for the 1.4 GHz maps 
in the Lockman Hole East and the UDS field respectively, 
and 15 /iJy beam -1 for the 0.61 GHz map in the Lockman 
Hole. Both the VLA and GMRT radio imaging delivered 
a beam size of 5 arcsec (FWHM) . The catalogues include 
sources for which > 3<r detections were obtained. 

The mid-infrared Spitzer data in the Lockman Hole 
East are from programs PID 81 (PI: G. Rieke) and PID 
50249 (PI : E. Eg ami), described in lEgami et~aH (|2004 ) and 
iDve et al] (|2008l ). whereas in the UDS field the mid- infrared 
data are from the Spitzer Public Legacy Survey of the 
UKIDSS Ultra Deep Survey (SpUDS; PI: J. Dunlopfl de- 
scribed in lCaputi et al.l (120111 ). 

The optical data in both fields were obtained with 
S ubaru/Supr i meCa m ([Mivazaki ct al. 2002), as described 
in IDve et ail (|2006h and iFurusawa et al.l <|2008l ). The near- 
infrared data in both fields are provi ded by the UKIRT In - 
frared Deep Sky Survey (UKIDSS; lLawrence et~aH 120071 ) 
with the SXDF/UDS field benefitting from the ultra- 
deep J, H, K coverag e provided by the UDS survey (e.g. 
ICirasuolo et al.ll2010t ). while the Lockman Hole East field 
is part of the som ewhat shallower UKIDSS DXS survey 
jWarren et al.ll2007l ). 

The depths of the data in both fields are summarized 
in Table □ 



3 IDENTIFICATION METHOD 
3.1 Radio and 24 /mi IDs 

We obtained the radio and 24 /tm counter p arts applying 
the method outlined in 



|l989t) and llvison et al 



Downes et al. | l|l986h . lDunlop et al.l 



( 20071 ). The 2.5<r search radius r 
around each AzTEC position was determined on the basis 
of the deboosted signal-to- noise ratio (S/N): r = 2.5 x 0.6 x 
FWHM/(S/N), where FWHM = 18 arcsec is the size of the 
beam delivered by the JCMT at 1.1 mm. In order to account 
for systematic astrometry shifts (d ue to either pointing in- 
accuracies or source blending; e.g. iDunlop et alj I2010T ) we 
used a minimum search radius r = 8 arcsec whenever the 
above formula produced r < 8 arcsec (this proved necessary 
for only 20 AzTEC sources). 

The statistical significance of each potential counterpart 
was assessed on the basis of the corrected Poisson probability 



2 The fluxes have been recently revised bv lDownes et ail l l2012h . 
but this change does not have any significant impact on our anal- 



ysis 
3 



http : //ssc . spitzer . caltech.edu/spitzermission/ 
observingprograms/legacy /spuds/ 
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Table 1. The 3cr depths of the multi-frequency data used in the 
Lockman Hole East and SXDF/UDS fields. 



Filter 


LH 


UDS 


Unit 


B 


27.4 


28.8 


AB mag 


R 


26.4 


28.1 


AB mag 


i 


26.3 


27.8 


AB mag 


z 


25.6 


26.9 


AB mag 


J 


22.9 


25.5 


AB mag 


H 




24.8 


AB mag 


K 


23.5 


25.2 


AB mag 


3.6 fim 


0.8 


1.4 


A*Jy 


4.5 (im 


1.6 


1.5 


^Jy 


5.6 fim 


11 


19 


A*Jy 


8.0 /im 


13 


12 


A*Jy 


24 i^m 


25 


30 


^Jy 


1.1 mm 


0.9-1.3 


1.0-1.7 


mjy 


1.4 GHz 


18 


27 


MJy 


0.6 GHz 


15 




^Jy 



Therefore, we explored the potential of red i — K colour 
to yield SMG galaxy counterparts, building on the work of 
Schael et al. (in preparationjf]. Schael et al. showed, for 
SCUBA sources in the SHADES fields, that the reddest 
(i — K > 2) source within 10 arcsec of the SCUBA po- 
sition usually corresponds to the radio ID. We therefore 
selected all sources with i ~ K > 2 within the search ra- 
dius defined above, and again estimated their reliability as 
AzTEC IDs by estimating the a priori probability p. The 
number density of A"-band detected sources in the magni- 
tude range of interest is well described by Euclidean counts, 
with JV(> Sk) oc S^ 1 ' 5 ■ We estimated the number density 
at K = 23 mag separately for sources with i — K colours 
2-2.5, 2.5-3 and > 3 to be N(K < 23 mag) = 8 arcmin" 2 , 4 
arcmin -2 and 2 arcmin -2 , respectively. These number den- 
sities were used to calculate the p-values for sources with 
i — K colours of 2-2.5, 2.5-3 and > 3, respectively. We did 
not select sources fainter than K = 23 mag. 



p that the chosen radio or 24 /im candidate could have been 
selected by chance. 



3.2 IRAC 8^m IDs 

In order to maximize the fraction of AzTEC galaxies with 
identified counterparts we also explored other ways to select 
IDs. 

There is now a growing body of evidence indicating 
t hat SMGs are bright at the rest-fram e near-IR wavelengths 
(lAshbv et all l2006j; IPope et al.l 120061; lHainline et al.l [20091 : 



pected to be massive JBorys et al. 2005: Michalowski et al.l 


2010allbl. I2012L lHainline et al. 


201 ll Bussmann et al.l 12012); 


Yunet al.l 20121). Similar to 


Ashbvet al. (20061). we thus 



explored the potential of using the available IRAC 8.0 /im 
imaging to search for IDs. We used the longest IRAC wave- 
length because the surface density of bright sources is lower 
than at shorter wavelengths. 

We selected the 8 /im IDs in a similar way to the ra- 
dio and 24 /im IDs; i.e. we searched for 8 /im objects within 
the same search radius, and estimated the probability of a 
chance association using analogous p-statistics. To do this 
we derived the cumulative number counts of 8.0 fim sources 
in our fields; we found that this had the form JV(> Sg.o) oc 
Sg ' with a normalization given by N(> 20 /iJy) = 4 
arcmin -2 . We did not select candidate identifications at flux 
densities fainter than 20 pJy. 



3.3 Red i - K IDs 

It is now well known t hat SMGs g e nerall y exhi b it red 
optical/near - IR c ol ours JSmail et all ll99Sl. 12002-. |2004 



Ivisqn et al. 20021: Webb et alj 2003: Dannerbauer et al.l 



20041 : lAshbv et al.l 120061 ; lYun et all I2012D . This is likely 
a consequence of two effects: SMGs are very dusty 
and they host a signific a nt ev olved stellar population 
|Michalowski et all l2010al . I2012T ). Similarly, ~ 60% of 
ULIRGs at z ~ 2-3 are very red with i — K > 2.5 
jCaputi et alj|2006h . 



4 IDENTIFICATIONS 

In Figs. IB 1 1 and IB2I we present thumbnail images for all 
of the AzTEC-SHADES sources, with the IDs indicated by 
coloured symbols. For completeness and future reference, 
Tables IB3I and IB4I give the positions, relevant flux densi- 
ties, angular offsets (from the original AzTEC 1.1mm po- 
sitions), and probabilities of chance associations (p) for all 
candidate radio and 24 /jm IDs, regardless of their p-values. 
When IDs obtained at different wavelengths were separated 
by less than 2.5 arcsec they are listed as a single ID. Ta- 
bles IB1I and IB2I present the relevant data only for the reli- 
able IDs with p < 0.05 (marked in bold) and tentative IDs 
with 0.05 < p < 0.1 (marked in italics). The coordinates 
listed are those of the 1.4 GHz ID if present, or alternatively 
those of the appropriate 24 fim (or 0.61 GHz), 8 fj,m, or i — K 
selected ID. 

We matched these coordinates with the optical/near- 
infrared catalogues, using a matching search radius of r = 
1.5 arcsec. The resulting multi-wavelength photometry was 
used both to derive photometric redshifts for the IDs (Sec- 
tion |3J, and also to select additional IDs as described above. 
Specifically, using the method presented in Section 13.21 we 
selected 9 (5) additional IDs in the Lockman Hole field 
(UDS field) from the IRAC 8.0 ^m imaging. For 2 (1) of 
the AzTEC-SHADES sources these are the only IDs, so this 
method adds a very small, but still useful set of extra iden- 
tifications. We checked the 22 AzTEC sources for which we 
found both robust radio (p < 0.05) and 8.0 /im IDs, and 
found that they coincided in 20 cases (91%), providing ad- 
ditional confidence that the 8.0 /jm method can be reliably 
utilised when the radio data are not deep enough. 

In addition, using the method presented in Section [3.31 
we identified 16 (28) significant i — K colour-selected IDs in 
the Lockman Hole field (UDS field). For 1 (5) of the AzTEC- 
SHADES sources these are the only IDs, so again the result 
of this effort is another small, but helpful set of additional 
identifications, along with supporting evidence for several 
others. Again we checked the AzTEC sources for which we 



See also lSchaell d2009T) . 
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Figure 1. The AzTEC 1.1mm maps of the Lockman Hole (top) and the SXDF/UDS field (bottom) from lAustermann et all |20ld) . Both 
images are 0.88 deg on a side (the noisier edges have been removed). The sources analysed in this paper are marked and colour-coded 
according to their redshifts. Circles correspond to spectroscopic or photometric optical or mid-infrared PAH redshif ts, whereas squares 
corres pond to redshifts derived from the 1.1 mm/ 1.4 GHz flux-density ratio based on the average SED model of SMGs jMichalows ki et al.l 
l2010ah . In the case of a radio non-detection this method provides only a lower limit to the redshift and such cases are marked as 
tri angles. Black l i nes d ivide both fields into four equal parts each with an area similar to that of the GOODS-N AzTEC survey studied 
bv IChapin et all l|2009l ). 50% (4/8) of these sub-fields do not contain any low-redshift SMGs (i.e. robust identifications with z < 1). 
Crosses denote 850 /xm-selected galaxies for which photometric redshifts have been derived by Schael et al. (in preparation). 
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Figure 2. The same as Fig. [T] but this time only showing robust (category 1) IDs. 
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Figure 3. Distribution of the offsets of IDs from the AzTEC positions (crosses with Poissonian error bars; only the best ID is taken 
into account for each source) and the Rayleigh distribution (dotted lines), R(r) oc r exp(— r 2 /2p 2 ), expected to explain the data if offsets 
originate from the statistical positional uncertainty of th e AzTEC sources. Each panel represents all or robust (category- 1 p < 0.05) IDs, 
in the Lockman Hole, or the UDS field, or both. As in lBiggs et al for each ID the value of the offset is normalized to the la 

AzTEC positional uncertainty, a = 0.6 X FWHM/(S/N) (Sec. 1370 . Hence, the value of p corresponds to the la positional uncertainty 
of IDs expressed in the units of such calculated a and hence should be equal to 1. The numbers given in each panel are lower, so likely 
our estimates of the AzTEC positional uncertainties are overestimated. This is not because for 20 sources we reset the search radius to 8 
arcsec (2.5<r; Sec. 13. Ill , as after we remove this limit the values of p increase only by < 0.05. There is an indication that the distributions of 
all IDs exhibit a slight excess at higher offsets compared to the model and to the robust-only IDs, indicating that some of the category-2 
and 3 IDs are not correct, but this difference is not statistically significant. For each panel the number of IDs and the reduced x 2 °f the fit 
of the Rayleigh distribution to the data are shown indicating that the offset distributions are consistent with the Rayleigh distribution, 
so the number of wrongly assi gned IDs is small (as they should manifest themselves as a significant signal at larger offsets). 
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Table 2. The success rate of the identification process. The columns show: (1) field name; (2) the total number of AzTEC sources, 
(3) the number of sources with IDs having at least one association with p < 0.05 at radio, 24 fim, 8.0 /im or i — K; (4) the number of 
sources with IDs having at least two associations with 0.05 < p < 0.1; (5), the number of sources with IDs having only one potential 
counterpart with 0.05 < p < 0.1; (6) the number of sources with no IDs; (7) the total number of sources covered by the optical map 
(i.e. those for which a photometric redshift could in principle be reliably estimated); (8) number (and percentage relative to number of 
sources covered b the optical map) of sources with an optical— near-infrared photometric redshift; (9) number of sources with category 1 
and an optical— near-infrared photometric redshift. 



Field 


N 


Cat 1 


Cat 2 


Cat 3 


No ID 


Nopt 


Zopt 


Cat 1 with z pt 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Lockman Hole 


91 


64 (70%) 


7 (8%) 


7 (8%) 


13 (14%) 


62 


47 (76%) 


39 (63%) 


UDS 


57 


31 (54%) 


1 (2%) 


8 (14%) 


17 (30%) 


41 


31 (70%) 


24 (55%) 


Both 


148 


95 (64%) 


8 (5%) 


15 (10%) 


30 (20%) 


106 


78 (74%) 


63 (59%) 



Table 3. The success rate of the identification process for the five individual methods. The columns show: (1) field name; (2) the total 
number of AzTEC sources, (3) the number of sources with any 1.4 GHz ID; (4) the number of sources with a catcgory-1 1.4 GHz ID; 
(5), (6) any / category-1 0.6 GHz IDs; (7), (8) any / category-1 24 /an IDs; (9) the number of sources covered by the IRAC map; (10), 
(11) any / category-1 8.0 fim IDs; (12) the number of sources covered by the i- and i\-band maps; (13), (14) any / category-1 % — K IDs. 



Field 


N 


1.4 GHz 


IDs 


0.6 GHz 


IDs 


24 fim 


IDs 




8.0 pm IDs 






i - K IDs 








any 


Cat 1 


any 


Cat 1 


any 


Cat 1 


N 


any 


Cat 1 


N 


any 


Cat 1 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


(14) 


LH 


91 


66 (73%) 


50 (55%) 


57 (63%) 


46 (51%) 


63 (69%) 


43 (47%) 


64 


35 (55%) 


24 (38%) 


54 


26 (48%) 


18 (33%) 


UDS 


57 


25 (44%) 


21 (37%) 


N/A 


N/A 


22 (39%) 


16 (28%) 


51 


14 (27%) 


5 (10%) 


44 


23 (52%) 


13 (30%) 


Both 


14S 


91 (61%) 


71 (49%) 


N/A 


N/A 


85 (57%) 


59 (40%) 


115 


49 (43%) 


29 (25%) 


98 


49 (50%) 


31 (32%) 



found both robust radio and i — K IDs, and found that they 
agreed in 19/23 cases (83%), providing reassurance that the 
i — K method can be reliably used when the radio data are 
not deep enough. 

The final success-rate of source identification is sum- 
marised in Table [2] The IDs have been divided into three 
categories. Category 1 is used for an ID which has a very low 
probability of chance association, p < 0.05 (p marked as bold 
in Tables [Bl] and [B2] and a big symbol on Figs. IBT1 and [B2)l . 
Category 2 denotes an ID selected at least twice by one of the 
radio, 24 pixa 8.0 /xm or i — K methods with 0.05 < p < 0.1, 
while category 3 indicates an ID that has been selected by 
only one of these methods with 0.05 < p < 0.1. 

The higher category-1 rate for the Lockman Hole can be 
primarily attributed to the slightly deeper radio data avail- 
able in this field. Indeed, if the radio depth was degraded 
to the same as that available in the UDS field (~ 45 /iJy, 
5a), then the category-1 ID percentage in the Lockman Hole 
would drop to 58%, very similar to that found within the 
UDS field. The impact of the depth of the radio data on the 
ID rate is further demonstrated by the fact that the final 
total AzTEC-SHADE S SMC ID rate of ~ 80% is surpassed 
only by the survey of iLindner et all (|201ll ). who benefitted 
from the ultra-deep radio data available only in the Lockman 
Owen field, which reaches down to an rms ctiaghz — 2.7 /iJy 
in the central regions. 

The ID success-rate separately for each method is shown 
in Table [3] The radio and 24 /im methods in the Lockman 
Hole deliver higher success-rate than in the UDS field due 
to deeper data in the former field (see Table [!}. On the 
other hand, deeper optical data in the UDS field do not 
help to increase the success-rate for the i — K method. This 
is because no i — K ID in the UDS field is fainter than the 
3a limit of K = 23.5 mag in the Lockman Hole. However, 



deeper data in the UDS field help to increase the fraction of 
IDs with redshifts (see Table 0. 

To determine the redshift distribution of the AzTEC- 
SHADES sources we decided to select only one ID for each 
source. For the vast majority of cases this is straightforward. 
However, for some sources there is more than one apparently 
significant galaxy counterpart. To deal with these cases we 
have adopted a policy of selecting the ID with the greatest 
number of high-significance (p < 0.05) entries in Tables IBTI 
and lB2l or. if IDs have only been uncovered at a single wave- 
length, the ID with the lowest value of p. If this procedure 
did not select a single ID, then we looked for the ID with the 
greatest number of moderate-significance (0.05 < p < 0.1) 
entries. In principle, such multiple IDs may indi cate that the 
AzTE C source is a blend of a few galaxies (e.g. IWang et al.l 
l201ll ); higher-resolution submillimetre imagining is neces- 
sary to test this. 

The frequency of multiple IDs is ~ 21 ± 5% (19/91) for 
the Lockman Hole and ~ 11 ± 4% (6/57) for the UDS field, 
where the errors reflect the Poissonian uncertainties. This is 
consistent with the rate s found for SCUBA s ources in the 
same fields (~ 9 ± 5%; IClements et al.1 [20081 ; ~ 19 ± 5%; 
llvison et al.ll2007h and for Az TEC sources in GOODS-N (~ 
18 ± 8% IChapin et all l2009h and GOODS-S (~ 10 ± 5% 
lYun et all 12012ft . 

We identified two sources (AzUDS5 and 43) with statis- 
tically robust IDs corresponding to optically-bright galaxies 
with very low photometric redshifts (z ~ 0.45 and z ~ 0.15 
respectively). Such low redshifts are completely inconsistent 
with their 1.1 mm/24 fim flux-density ratios for any known 
long- wavelength SED (see Fig. [7]). In the case of AzUDS5 
the angular offset between the radio position and the optical 
galaxy is 0.65 arcsec, suggesting that this is an example of 
galaxy lensing, and that the SMC lies at much higher red- 
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shift (e.g. iDunlop et al.ll2004l ). We note this, but leave the 
redshift as it is since we do not currently possess any CO 
spectroscopy of this source which mi ght help to determin e 
the true redshift of this SMG (see e.g. iNegrello et al.ll201o] ). 
However, in the case of AzUDS43 we have identified a sec- 
ond, statistically-robust ID at z ~ 2.43, 3.5 arcsec away from 
the bright low-redshift optical ID, and so we have adopted 
this ID and its photometric redshift in the determination of 
the redshift distribution. 

To test the reliability of the IDs, in Fig. [3] we show the 
distribution of the offset s of ID s from the AzTEC positions. 
Similarly to lBiggs et al.l (|201lh . we fitted the Rayleigh dis- 
tribution, R(r) oc r exp(— r 2 /2p 2 ), expected to explain the 
data if offsets originate from the statistical positional uncer- 
tainty of the AzTEC sources. For each ID the value of the 
offset is normalized to the la AzTEC positional uncertainty 
equal to a = 0.6 x FWHM/(S/N) (Sec.l3J]>. Hence the value 
of p corresponds to the la positional uncertainty of IDs ex- 
pressed in the units of such calculated a and hence should 
be equal to 1. The derived values are lower, so likely our 
estimates of the AzTEC positional uncertainties are over- 
estimated. This is not because for 20 sources we reset the 
search radius to 8 arcsec (2.5a; Sec. 13. ip . as after we remove 
this limit the values of p increase only by < 0.05. There is an 
indication that the distributions of all IDs exhibit a slight 
excess at higher offsets compared to the model and to the 
robust-only IDs, indicating that some of the category-2 and 
3 IDs are not correct, but this difference is not statistically 
significant. From the reduced \ 2 values we conclude that the 
offset distributions are consistent with the Rayleigh distri- 
bution, so the number of wrongly assigned IDs is small (as 
they should manifest themselves as a significant signal at 
larger offsets). 



5 REDSHIFTS 

We have used t he p h otom etric redshift catalo g ues fr om 
ICirasuolo et al. | (|2007l . l2010t ) and iMcLure et al. | (|2009l) in 
the UDS field and have now produced an equivalent cat- 
alogue in the Lockman Hole East, albeit with larger uncer- 
tainties due to the shallower near-infrared data. All opti- 
cal, near-IR and IRAC data were used in the fits. These 
catalogues have been p roduced using the HyperZ package 
llBolzonella et all |2000T) with t he stell ar population m od- 
els of lBruzual fc Chariot] (120031 ) and a lChabrieij (|2003l ') ini- 
tial mass function (IMF) with a mass range 0.1-100 Mq. A 
double-burst star-formation history was assumed, but this 
choice has little impac t on derived redshifts (a s opposed to 
derived stellar masses; iMichalowski et al.ll2012r ). The metal- 
licity was fixed at th e solar value and red dening was cal- 
culated following the ICalzetti et alj (|2000h law within the 
range ^ Ay ^ 6. The HI absorption along the line of sigh t 
was included according to the prescription of M adaul l|l995h . 

The resulting photometric redshifts are given in Tables 
IB 1 1 and IB2I For sources with multiple IDs, the ID used in 
the determination of the redshift distribution is marked in 
bold (see Section |4}. For sources with no optical-infrared 
photometric redshift we provide a redshift estimate based 
on the 1.1mm / 1.4 GHz ratio (shown in italics), a doptin g 
the average SED of SMGs from IMichalowski et al.l (|2010al ). 

AzUDS48 is not covered by the radio map, so an esti- 
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Figure 4. Upper Panel: the redshift distribution of 1.1mm- 
selected galaxies in the SHADES fields with robust (p < 0.05) IDs 
using optical-near-infrared and 1.1 mm/1.4 GHz flux-density ra- 
tio redshifts (solid black histogram) . In this plot any sources which 
only possess lower limits to their estimated redshifts have been 
excluded. Also shown are the redshift distributi ons of the 1.1 mm - 
selected galaxies in GOODS-N (solid red li ne; Chapi n et al .120091) 
and in GOODS-S (dotted blue line; lYun et al.ll2012T) , as well as 
the spectroscopically-determ ined redshift distributi on of 850 ^in- 
selected galaxies reported bv lChapman et"al 1 1|2005| . green dashed 
line). The distributions peak at z ~ 2—3 but contain objects over 
the redshift range 2 ~ 0—4. The Kolmogorov-Smirnov test prob- 
abilities that samples are consistent with being drawn from the 
same parent population are indicated. The apparent difference at 
low redshifts between the SHADES and GOODS-N samples can 
be explained by the relatively small area of the latter survey (see 
Fig.[T]and Section[5]l. Lower Panel: An exploration of the robust- 
ness of the SHADES-AzTEC redshift distribution. The redshift 
distribution of the same set of robust IDs is again shown by the 
solid black histogram. The solid blue line represents only those 
IDs with optical-near-infrared photometric redshifts, while the 
dashed cyan line includes all IDs, irrespective of robustness (i.e. 
including categories 1, 2, and 3) and type of redshift. The grey 
thick line shows the redshift distribution for all AzTEC-SHADES 
SMGs, this time including those not detected at radio or optical 
wavelengths, which were scattered between z = 5 and the lower 
limit derived from the 1.1 m m/1.4 GHz flux-density lim it using 
the SMG SED template from IMichalowski et all ll2010al) . 
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Redshift 

Figure 5. The redshift distribution of SHADES-AzTEC 1.1 mm- 
selected galaxies with robust (p < 0.05) IDs and either optical— 
near-infrared or 1.1 mm/1.4 GHz redshifts (solid black his- 
tograms), this time shown separately for the Lockman Hole field 
(upper panel) and the UDS field (lower panel). Sources with 
only lower limits to their estimated redshifts were excluded. Also 
shown for comparison arc the redshift distributions of all the 
optical / near-infrared / Spitzer selected galaxies in the two survey 
fields (solid red lines). The Kolmogorov-Smirnov test probability 
that the samples on each panel are drawn from the same parent 
population are indicated. The AzTEC population in the Lockman 
Hole is not consistent with the general field galaxy population. 
The all galaxy samples (red lines) are different in both fields due 
to different optical depths, i.e. the i-band data is ~ 1.5 mag deeper 
in the UDS field (Table [TJ, so the high redshift tail is much more 
pronounced in this field. 



mate of its redshift has been deduced from its 1.1 mm/24 /jm 
flux-density ratio (see third panel of Fig. [7]). 

The accuracy o f the photometric catalogue of 
ICirasuolo etTafl (|2010l ) is excellent, with a mean Az/(1 + 
Zspec ) = 0.008 ± 0.034. For 9 AzTEC sources with spec- 
troscopic redshift (see appendix |X| we derived a mean 
Az/(1 + Zspcc) = —0.06 ± 0.20, also consistent with zero. 

The median redshift (and 68% bootstrap error) of 
AzTEC-SHADES sources in the Lockman Hole field is 
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Zmed — 2.25I ; 21 , in the UDS field it is z med 
and for the full combined sample it is z m ed 

To date, only e leven SMGs have been 
to l ie at z > 4 ijCoppin etafl 120091: 
20081. l201ll; ISchinnerer et all |200S|; iDaddi et al l l2009bllal: 
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Figure 6. The redshift distribution of 1.1 mm-selected galax- 
ies in the Lockman Hole (upper panel) and the UDS (lower 
panel) fields with robust (p < 0.05) IDs and optical— near-infrared 
or 1.1 mm/1.4 GHz flux-density ratio redshifts (solid black his- 
tograms). Sources with only lower limits to their estimated red- 
shifts were excluded. Also shown in this figure are the redshift 
distributions derived for the SHADES-SCUBA 850 ^m-selected 
galaxies in (sub regions of) the same fields (robust IDs: solid 
red li nes; all IDs: dotted red line: iDve et al. ; 2008; Clement s et al] 
■20081, Schael et al. in prep.). The Kolmogorov-Smirnov test prob- 
ability that the samples in each panel are drawn from the same 
populations are indicated. The distributions of the 1.1mm- and 
850 /xm-selected populations are consistent, although there is an 
indication that the 1.1 mm selection results in slightly higher red- 
shifts. Combining the AzTEC and SCUBA samples in each field 
reveals a statistically significant difference between the inferred 
redshift distributions of SMGs in the Lockman Hole and UDS 
fields (see Section 0. 



Knudsen et alj|2008l . l20ld ; iRiechers et al.ll2010l ; ICox et all 



| 201ll : ISmolcic et al]|201ll : ICombes et alll2012l ; IWalter et all 
120121) . We have identified five AzTEC-SHADES sources 
(~ 5%) with photometric redshifts z > 4 (AzLOCK6, 
AzLOCK38, AzUDSll, AzUDS32, AzUDS54). However, for 
all of these galaxies the uncertainties in the photometric red- 
shifts are significant, and lower-redshift (z ~ 2) solutions 
cannot be excluded. In addition, several AzTEC sources 
that are unambiguously detected in the radio (and in some 
cases also at 8.0 /im) remain undetected in the optical imag- 
ing (AzLOCK36, AzLOCK38, AzLOCK71, AzLOCK81, 
AzLOCK91, AzUDS25, AzUDS40 and AzUDS57). These 
sources are thus also candidates for very high-redshift (or 
highly dust-obscured) galaxies. 

The success rate of redshift determination is summa- 
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rized in Table [2] (column 8). Excluding AzTEC sources which 
are not covered by the necessary optical-infrared data, we 
obtained optical photometric redshift estimates for ~ 75% of 
sources (i.e. out of the 106 AzTEC sources which lie within 
the area covered by the deep optical/near- infrared imag- 
ing, we obtained optical photometric redshift estimates for 
78; out of them 63 have category- 1 IDs) or ~ 60% if only 
category-1 IDs are taken into account. This is the most com- 
plete redshift information achieved to date for an unbiased 
sample of SMGs. For the remaining 28 (~ 25%) SMGs no 
ID was selected, or the radio ID does not possess an optical 
counterpart, so the optical redshift could not be obtained. 

The redshift distribution of the AzTEC-SHADES 
sources is shown in Fig. [3] where it is compared with that 
displayed by similar (but smaller) sam ples of SMGs se- 
lec ted in GOODS- N (|Chapin et al.il2009l ) and in GOODS- 
S l|Yunet alj|2012h , as well as with the spectroscopically- 
determined redshift distribution of a somewhat hetero- 
geneous selectio n of 8 50 /xm-selected galaxies reported by 
IChapman et~al] (|2005l ). The redshift distribution of the 
AzTEC-SHADES sources is peaked at z ~ 2-2.5, but has a 
high-redshift tail (extending to at least z ~ 4) as well as a 
significant intermediate-redshift population. 

As perhaps expected, the redshift distribution of 
AzTEC-SHADES sources is similar to that previously de- 
rived for 850 /im-selected galaxies, and to that displayed by 
the AzTEC-ASTE sample in GOODS-S; the Kolmogorov- 
Smirnov (K-S) test indicates that the redshift distribu- 
tion of the AzTEC-SH AD ES sources and th at reported by 
IChapman etafl l|2005l ) and lYun et ail (|2012h are consistent 
with the hypothesis that all three samples are drawn from 
the same parent population (Fig. [4}. 

However, our reds hift distributi o n is s lightly different 
than that reported by IChapin et all (|2009h in GOODS-N. 
The K-S test yields a probability of only p ~ 2.9% that 
the AzTEC-SHADES and GOODS-N AzTEC samples are 
drawn from the same population (i.e. the difference is at the 
2.2cr level). The probability increases to ~ 15% (no signifi- 
cant difference) when z < 1 SMGs in the AzTEC-SHADES 
sample are removed. 

To further explore the likelihood of this difference, we 
divided each of our fields into four equal parts, each sim- 
ilar in size to the GOODS-N field and analysed their red- 
shift distributions separately (see Fig. [TJ. We found that in 
50% (4/8) of such small fields we did not detect any z < 1 
source. To confirm this we performed a Monte-Carlo simu- 
lation by selecting in both of our fields 100 00 randomly- 
locate d sub- fields with areas equal to that of IChapin et al.l 
(|2009h ■ We found that ~ 60% of these sub-fields did not 
contain any z < 1 o bject. This suggests that the sample of 
IChapin et all (|2009h may miss the lower- redshift population 
due to its small area and advocates for using larger fields to 
obtain a representative sample of millimeter-selected galax- 
ies. Further support for field-to-field variation is provided 
by the differences in millimeter number counts in different 
fields, in particular by the fact that GOODS-N field has sys- 
tematically highe r num ber counts compared to other fields 
l|Scott et al.ll2010l . I2012T ) . 

The lower panel of Fig. [4] shows that the form of 
the derived redshift distribution is essentially unaffected 
by whether one restricts the redshift information to only 
optical-infrared photometric redshifts, or alternatively in- 



clude all available redshift information (i.e. including esti- 
mates based on mm-radio colour). However, when we in- 
clude the category 2 and 3 IDs, then a spike at z ~ 1—1.5 
appears. At least some of these less-robust IDs are likely 
mis-identifications, because, as shown on Fig. [5] the redshift 
distribution of all optical/near-infrared galaxies in both the 
survey fields peaks at z ~ 1. 

Fig. [6] shows the redshift distribution of the robust 
(p < 0.05) IDs of the AzTEC sources separately in the Lock- 
man Hole and the UDS fields compared with that of the 
850 ^ m-selected SMGs in (smaller sub-regio ns of) the same 
fields (|Dve et al.ll200l ; IClements et~aill2008l , Schael et al. in 
prep.). Applying the K-S test we found that, within each 
field, the redshift distributions of the 1.1mm- and 850 ^tin- 
selected populations are completely consistent (the signifi- 
cance values, p, are indicated in Fig. [5]), although (unsurpris- 
ingly) there is a tendency for the 1.1 mm selected SMGs to 
lie at slightly higher redshifts. This consistency is not driven 
by the fact that both populations are composed of the same 
galaxies; the AzTEC images cover significantly larger ar- 
eas than the SCUBA maps, to somewhat shallower effective 
depths (and different completeness), and consequently there 
are only 13 and 6 sources in common between the 1.1mm 
and 850 /im-selected samples in the Lockman Hole and UDS 
fields, respectively (see Fig. [T] Fig. [2] and appendix |A")> . The 
implications of this result are explored further below in Sec- 
tion [3 

In principle AGN contamination may influence our pho- 
tometric redshift es timates, which a re based on purely star- 
forming templates. lHainline et ail (120091 . |201lt) claimed a 
significa nt AGN contributi o n to t he IRAC fluxes of SMGs, 
however iMichalowski et alj ([2012) found that the AGN con- 
tamination is unlikely to influence the SED modelling. Addi- 
tionally, the photometric errors of IRAC fluxes are typically 
~ 10%, significantly larger than that of our deep optical 
and near-IR data, so even if the AGN contamination was 
significant at IRAC wavelengths, these data should not in- 
fluenc e the derived photom etric redshifts significantly. Sim- 
ilarly, IWardlow et al.l (|201ll ) found that the exclusion of the 
8.0 fim data does not significantly change the derived pho- 
tometric redshifts of SMGs. 



6 FLUX RATIOS 

In order to verify that these redshift estimates are con- 
sistent with the available photometry, in Fig. [7] we show 
1.1mm flux density, as well as the three flux-density ratios 
1.1 mm/1.4 GHz, 1.1 mm/24 /xm, and 24/Ltm/1.4GHz plot- 
ted against redshift for all the identified AzTEC-SHADES 
sources (utilising the best ID for each source, determined 
as described above). The lower 3 panels also show the ex- 
pected redshift dependence of the appropriate flux-density 
ratio as predict ed by the SED of an aver age SMC and in- 
dividual SMGs l|Michalowski et al.ll2010ah , the SEDs of lo- 
cal g alaxies (a ULIRG, a starburst and spirals; Silva et al 
1998) and the SEDs of local ULIRGs/AGNs l|Vega et al 
2008). Filled/thick symbols indicate category 1 (robust, 



p < 0.05) IDs, and the smaller symbols indicate that the 
1.1 mm/1.4 GHz flux-ratio redshift estimator was used due 
to a lack of optical-infrared photometry. 

The top panel shows that the brightest AzTEC 
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Figure 7. 1.1mm flux densities (medians in four redshift bins 
with 68% bootstrap errors are shown as thick crosses) and the 
l.lmm/1.4GHz, l.lmm/24/im and 24^tm/1.4GHz flux-density 
ratios plotted against redshift for all the AzTEC-SHADES sources 
(the best ID is shown for each source) presented in Tables iBll and 
IB2I (colour symbols; red: Lockman Hole; blue: UDS field). Circles 
denote detections at both bands, whereas upward and downward 
arrows denote non-detections at one of the wavelengths. Filled 
circles and thick arrows indicate category 1 (robust; p < 0.05) 
IDs, whereas open circles and thin arrows indicate other IDs. Big 
symbols indicate sources with optical-near-infrared photometric 
redshifts, whereas small symbols indicate that 1.1 mm/1.4 GHz 
redshift estimator was used due to a lack of optical/infrared pho- 
tometry. For comparison, the predicted redshift evolution of the 
flux-density ratios calc ulated using the SEDs of an average SMG 
and individual SMG s llMichalowski et alj|2010a | ), of local galax- 
ies l lSilva et al.lll998T) and local ULIRGs/AGNs <Vega et al.l2008t) 
are shown (lines). 



sources preferentially lie at higher redshifts (consistent with 
llvison et al.ll2002l ; IWall et al.ll200Sl ; [Marsden et al.ll201ll ); all 
but one of the sources brighter than 4mJy are at z > 2 
(i.e. the upper-left corner of this panel is almost empty). 
However, this does not mean that the median flux densities 
of AzTEC sources is higher at higher redshifts (see thick 
crosses on this panel). 

For sources with no radio detections the derived 
1.1 mm/1.4 GHz redshifts are lower limits. As can be seen 
from the arrows in the top panel of Fig. [7] the derived limits 
do not allow us to place very strong redshift constraints on 
these sources (typically z > 2). Hence, in general, the lack 
of a radio detection does not imply that such sources lie at 
substantially higher redshifts than the radio-detected sub- 
set; given the 1.1mm flux densities of the sources, and the 
depth of the available radio data, a radio-blank SMG could 
be at z < 3 or even at z < 1.5 if its dust is very cold (similar 
to spiral galaxies). 

The second panel of Fig. [JJ reveals the redshift depen- 
dence of the implied dust temperature of the galaxies within 
the AzTEC-SHADES sample (assuming the photometric 
redshifts are broadly correct). Namely, the 1.1 mm / 1.4 
GHz flux ratios of the AzTEC sources do not change with 
redshift, implying that those at z < 1.5 are cooler (consistent 
with the SEDs of Sc spiral and NGC 6946), whereas those 
at higher redshifts are hotter (consistent with the SEDs of 
an average SMG, Arp 220 and M82). 

Finally, the bottom two panels of Fig. [JJ show that the 
vast majority of the AzTEC-SHADES sources lie within 
the regions spanned by the range of SED models consid- 
ered (only for the sources denoted as small symbols were 
the redshifts in fact derived from the fluxes plotted in this 
figure). This indicates that our optical photometric redshift 
estimates are reasonable, in the sense that they are gener- 
ally consistent with the anticipated range of 1.1 mm/24 /im 
and 24 /jm/1.4 G Hz flux-densi t y rati os. We note that radio- 
loud AGN from IShang et al.l feoill ) have 1.1 mm/ 1.4 GHz 
and 24/im/1.4GHz flux-density ratios of 0.01-0.03 in the 
redshift range 0-5. Hence the sources which lie below the 
SED locus in panels 2 (AzLOCK64 and AzUDS42, both 
category-1 IDs) may be readily explained by some contribu- 
tion from AGN synchrotron radiation at radio wavelengths. 



7 LARGE-SCALE STRUCTURES 

With only photometric redshifts it is difficult to study the 
large-scale structures traced by SMGs. However, as is evi- 
dent from Fig. [6] the redshift distributions of the AzTEC 
sources in both the Lockman Hole and UDS fields are strik- 
ingly similar to that displayed by the SCUBA sources in 
the same fields, even though SCUBA covered much smaller 
sub-regions within these fields (see Fig. [1] and Fig. [2} and 
there are only 13 and 6 sources in common in the Lockman 
Hole and UDS samples respectively. Indeed, the K-S test 
shows that the AzTEC and SCUBA sources in each field 
are fully consistent with being drawn from the same popu- 
lation (p = 61% in the Lockman Hole, and p — 50% in UDS 
field). Interestingly this consistency between the redshift dis- 
tributions of the AzTEC and SCUBA sources within each 
field is better than the consistency of the redshift distribu- 
tions between the two SHADES fields (for AzTEC Lockman 
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Figure 8. The redshift distribution of 1 . 1 mm-selected galax- 
ies in the Lockman Hole (upper panel) and the UDS (lower 
panel) fields with robust (p < 0.05) IDs and optical— near-infrared 
or 1.1 mm/1.4 GHz flux-density ratio redshifts (solid black his- 
tograms). Sources with only lower limits to their estimated red- 
shifts were excluded. Also shown in this figure are the redshift 
distributions of simulated galaxies llCroton et alj|2006l) in ran- 
dom 0.35 (AzTEC-like, red solid lines) and 0.1 deg -2 (SCUBA- 
like, blue dotted lines) fields. For each panel these simulated fields 
were chosen out of 1000 random fields to best represent the distri- 
butions of real SMGs. The Kolmogorov-Smirnov test probability 
that the real and simulated galaxies (as well as simulated galax- 
ies in fields with different sizes) in each panel are drawn from the 
same populations are indicated. 



Hole vs AzTEC UDS p = 16%, while for SCUBA Lockman 
Hole vs SCUBA UDS p = 14%). This difference starts to be- 
come statistically significant if we combine the AzTEC and 
SCUBA samples in each field (i.e. if for each field we con- 
struct a combined catalogue containing both AzTEC and 
SCUBA sources in that field), and then repeat the redshift 
distribution comparison. This yields a probability that the 
redshift distributions of the combined (AzTEC+SCUBA) 
Lockman Hole and UDS samples are drawn from the same 
population of only 2% (a statistical difference between the 
AzTEC source popula tion in the Lockman Ho le and UDS 
fields was also noted bv lAustermann et al.ll201ol . who showed 
that the 1.1 mm number counts at high fluxes in the Lock- 
man Hole are higher than in the UDS field; see their Fig. 8 
as well as the top panel of Fig. [7] in this paper). 

This result suggests that the large-scale structures 
traced by the AzTEC survey are significantly different be- 



tween the Lockman Hole and UDS fields, and the AzTEC 
and SCUBA SMC samples are tracing the same large-scale 
structures within each field. This latter result implies that 
these structures extend from the ~ 0.3 deg areas sampled 
by SCUBA to at least the ~ 0.7 deg scales traced by each 
AzTEC-SHADES survey field. These angular scales corre- 
spond to 10 - 20Mpc at z = 1.25 and 2.25, (the redshifts 
of the prominent peaks seen in the redshift distribution of 
the UDS SMGs). Alternatively, large-scale structure at lower 
redshif ts may also contribute to the appearance of this ef- 
fect, as lAretxaga et all (|201ll ) showed that the clustering of 
the foreground galaxies at z ~ 0.7 is correlated with the 
position of bright SMGs in the COSMOS field. 

In order to investigate whether large-scale structure is 
in fact expected to produce the variations we see between 
the Lockman Hole and UDS fields, we have analysed a 
900 deg 2 light cone of simulated galaxies at z = 0-5 with 
SFR > 100 M Q yr _1 (|Croton et all [20060, produced in a 
semi-analytic model based on the Millennium simulation 
l|Springel et al.ll2005l ). Interestingly, to match the AzTEC 
number counts and produce a redshift distribution which 
peaks at z ~ 2-3 rather than rising monotonically out to 
z > 5, we had to apply a stellar mass cut to the simula- 
tion to confine our analysis to galaxies with M, > 10 11 Mq. 
Confining our attention to this high-mass regime, we then 
randomly chose 1000 0.35 deg 2 fields from within this light- 
cone and, for each pair of fields, calculated the K-S proba- 
bility that the galaxy redshift distributions are drawn from 
the same population. We found that ~ 10% of field pairs 
were inconsistent at a K-S probability level of < 5% and 
that ~ 25% of pairs were inconsistent at a probability level 
< 15%. Hence, the level of inconsistency we found between 
the Lockman Hole and the UDS AzTEC source populations 
is broadly as predicted by the simulation, providing some 
support for the interpretation that it is indeed due to large- 
scale structure. 

For illustrative purposes, Fig. [5] shows the redshift dis- 
tributions of the random fields which yielded the highest K-S 
probability of being consistent with the Lockman Hole and 
UDS fields (99 and 14% respectively). Thus, the light cones 
produced using this particular simulation can certainly yield 
SMG number densities and redshift distributions consistent 
with those seen in both AzTEC-SHADES fields. However, it 
is clear that the SMG redshift distribution in the Lockman 
Hole is much more typical of what is found within the sim- 
ulations than is the redshift distribution in the UDS field. 
Specifically, ~ 70% of the simulated 0.35 deg 2 AzTEC sur- 
veys yield a K-S probability > 5% that their SMG redshift 
distribution is consistent with that of the AzTEC sources 
in the Lockman Hole, but this is true for only ~ 1% of the 
simulated fields when compared to the UDS SMG redshift 
distribution. Thus, for this particular simulation it would 
appear the the observed redshift distribution in the UDS is 
relatively unusual, albeit not unfeasibly so. 

Our analysis of this simulation also indicates that it is 
unsurprising that the redshift distributions of the SHADES- 
SCUBA and SHADES- AzTEC sources within a given field 
should be in good agreement (Fig. 0, as the overlapping 
1.1mm and 850 /im surveys, while differing in size, wave- 
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length and depth, are tracing the same large scale struc- 
tures (see Fig. [8J. Namely, virtually all random 0.35 deg 2 
fields have the K-S probability above 5% that their redshift 
distribution is consistent with that of overlapping 0.1 deg 2 
fields. 

Finally we note that the fact the two well-separated 
SHADES fields, despite each covering ~ 0.35 deg 2 , still yield 
significantly different redshift SMG distributions serves to 
reinforce the importance of completing SMG surveys over 
several square degrees in order to overcome cosmic variance 
and obtain a complete and representative view of the num- 
ber density, redshift distribution and evolution of SMGs in 
the context of the general high-redshift galaxy population. 



8 CONCLUSIONS 

We have used the deep optical-to-radio multi-wavelength 
data in the SHADES Lockman East and SXDF/UDS 
and fields to obtain galaxy identifications for ~ 64% (~ 
80% including tentative identifications) of the 148 AzTEC- 
SHAD ES 1.1mm sources reported by lAustermann et al.l 
(2010), exploiting deep radio and 24 /im data complemented 
by methods based on 8 fim flux-density and red optical- 
infrared (i — K) colour. This unusually high identification 
rate can be attributed to the relatively bright millimetre- 
wavelength flux-density threshold, combined with the rela- 
tively deep supporting mult i- frequency data now available in 
these two well-studied fields. We have further exploited the 
optical-mid-infrared-radio data to derive a ~ 60% (~ 75% 
including tentative identifications) complete redshift distri- 
bution for the AzTEC-SHADES sources, yielding a median 
redshift of z ~ 2.2, with a high-redshift tail extending to at 
least z ~ 4. 

Despite the larger area probed by the AzTEC survey 
relative to the original SCUBA SHADES imaging, the red- 
shift distribution of the AzTEC sources is consistent with 
that displayed by the SCUBA sources, and reinforces ten- 
tative evidence that the redshift distribution of mm/sub- 
mm sources in the Lockman Hole field is significantly differ- 
ent from that found in the SXDF/UDS field. Comparison 
with simulated surveys of similar scale extracted from semi- 
analytic models based on the Millennium simulation indi- 
cates that this is as expected if the mm/sub-mm sources are 
massive (M > 10 11 Mq) star-forming galaxies tracing large- 
scale structures over scales of 10-20 Mpc. This confirms the 
importance of surveys covering several square degrees (as 
now underway with SCUBA2) to obtain representative sam- 
ples of bright (sub)mm-selected galaxies. 
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APPENDIX A: 
SOURCES 



NOTES ON INDIVIDUAL 



AzLOCKl: A robust single ID (cate gory 1). The spectro - 
scopic mid-infrared PAH redshift from lCoppin et al.l (| 20101 ) 
was adopted. 

AzLOCK2: A robust single ID (category 1). 
AzLOCK3: This source has two category 1 radio IDs, 
but the high-r e soluti on submillimetre imaging obtained by 
I Younger et ail (2008) revealed that the first one (the north- 
ern, 24 /xm-faint ID) is the correct ID. This is the SCUBA 
source LOCK850.02 l|lvison et al.ll2007T ). The same IDs were 
selected. 

AzLOCK4: Three candidate category 1 radio identifica- 
tions. The one with the lowest p value, and confirmation at 
low radio frequency and 24 /im was adopted. 
AzLOCK5: A robust single ID (category 1). A pos- 
sible blend of weak 24 /im so urces. The spectros copic 
mid-infrared PAH redshift from ICoppin et alT (|2010h was 
adopted. 

AzLOCK6: A robust single radio and 8/im ID (category 
!)• 

AzLOCK7: A possible blend of two radio/24 /im sources 
and an additional red i — K source (category 1) at the 
same redshift as the first ID. This is the SCUBA source 



LOCK850. 04 (llvison et al.ll2007h . The faintest radio ID con- 
sidered by llvison et all (|2007h is not in the catalogue used 
here, as it is blende d with the br i ghter object. The spectro- 
scopic redshift from llvison et a l. (2007) was adopted for the 
second ID, but the first ID is the one adopted here. 
AzLOCK8: A robust single ID (category 1). This is the 
SCUBA source LOCK850.01 (|lvison et al.N2007l L The same 
ID was se lected. The sp e ctrosc opic mid-infrared PAH red- 
shift from lCoppin et all (|2010l ) was adopted. 
AzLOCK9: A robust ID (category 1) with two possi- 
ble weaker ID s (category 3). T his is the SCUBA source 
LOCK850.34 (jlvison et all 120071 1 . We did not select their 
fainter radio counterpart due to its low significance and we 
also considered one additional 24 fim candidate. 
AzLOCKlO: A robust ID (category 1) with a possible 
weaker ID (categ ory 3). The spectro scopic mid-infrared 
PAH redshift from lCoppin et all (|2010h was adopted for the 
robust ID. 

AzLOCKll: A robust ID (category 1) with a possible radio 
companion (category 1). 

AzLOCK12: A robust ID (category 1) with a possible radio 
companion (category 3). 

AzLOCK13: A robust single ID (category 1). 
AzLOCK14: A robust single ID (category 1). 
AzLOCK15: A robust single ID (category 1). 
AzLOCK16: A robust single ID (category 1) with a possi- 
ble 8.0 /jm companion (category 3). A possible blend of weak 
24 /im sources. 

AzLOCK17: A robust single ID (category 1). A possible 
blend of wea k 24 /xm sources. This is the SCUBA source 
LOCK850.15 (|lvison et al.ll2007h . We selected only their sec- 
ond radio IDs as the remaining two are too far away from 
the AzTEC position. 

AzLOCK18: A robust single ID (category 1). 
AzLOCK19: A robust ID (category 1) with a possible red 
i — K companion (category 3). A possible blend of weak 
24 fim sources. 

AzLOCK20: Two robust ID (category 1) with a possible 
weaker radio companion (category 3). A possible blend of 
weak 24 /im sources. 

AzLOCK21: A single ID (category 2). A possible blend of 
weak 24 source s. This is the SCUBA source LOCK850.13 
l|lvison et al.ll2007h . We only selected the brighter (southern) 
out of their two 24 fim IDs, because of low significance of the 
other one. 

AzLOCK22: A blend of four radio sources (ca tegory 1 and 
3). T his is the SCUBA source LOCK850.43 (llvison et all 
2007). We selected two out of three of their radio IDs and 
selected two additional IDs. The inconsistency can be ex- 
plained by the fact that the radio image is severely blended 
at this position. 

AzLOCK23: A robust single ID (category 1) with a possi- 
ble weaker red i — K companion (category 3). 
AzLOCK24: A blend of three radio sources (ca tegory 1 and 
2). T his is the SCUBA source LOCK850.03 (llvison et all 
l2007h . We selected both of their radio IDs and an additional 
faint r adio ID. The spectroscopic redshift from llvison et all 
i|2007l ) was adopted. 

AzLOCK25: A robust ID (category 1) with a possible radio 
companion (category 3). 

AzLOCK26: A robust single ID (category 1). 
AzLOCK27: Three robust IDs (category 1). A possible 
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blend of weak 24 fim sources. T his is the SCUBA source 
LOCK850.71 jlvison et alj|2007f ). The same IDs were se- 
lected. 

AzLOCK28: No IDs obtained (but only the radio selection 
could yield IDs due to lack of coverage at other wavelengths). 
AzLOCK29: A robust single ID (category 1). 
AzLOCK30: No IDs obtained. 

AzLOCK31: No IDs obtained. A possible blend of weak 
24 fim sources. 

AzLOCK32: A robust single ID (category 1). A possible 
blend of weak 24 fim sources. 

AzLOCK33: Two robust I Ds (category 1). This is the 

SCUBA source LOCK850.52 (jlvison et al.ll2007l ). The same 

ID was selected. 

AzLOCK34: No IDs obtained. 

AzLOCK35: Three IDs (category 1 and 3). 

AzLOCK36: A single ID (category 2). 

AzLOCK37: Three IDs (category 2 and 3). 

AzLOCK38: A robust single ID (category 1). 

AzLOCK39: Three IDs (category 1 and 3). A possible 

blend of weak 24 /im sources. 

AzLOCK40: Three IDs (category 1 and 3). 

AzLOCK41: A single ID (category 2). A possible blend of 

weak 24 /im sources. 

AzLOCK42: No IDs obtained. A possible blend of weak 
24 /im sources. 

AzLOCK43: Three IDs (category 1 and 3). A possible 
blend of wea k 24 fim sources. This is the SCUBA source 
LOCK850.79 (|lvison et al.ll2007l ). We selected the same IDs. 
AzLOCK44: A tentative single ID (category 3). A possible 
blend of weak 24 /im sources. 

AzLOCK45: A single ID (category 2). A possible blend of 
weak 24 /im sources. 

AzLOCK46: No IDs obtained. A possible blend of weak 
24 /xm sources. 

AzLOCK47: A robust single ID (category 1). 
AzLOCK48: No IDs obtained (but the 8.0 fim and i - K 
methods could not be used due to lack of coverage at these 
wavelengths). 

AzLOCK49: No IDs obtained. 

AzLOCK50: A robust single ID (category 1). A possible 
blend of weak 24 /im sources. 
AzLOCK51: Three IDs (category 1 and 3). 
AzLOCK52: A robust single ID (category 1). 
AzLOCK53: No IDs obtained. 
AzLOCK54: Four IDs (category 1, 2 and 3). 
AzLOCK55: Three IDs (category 1 and 3). 
AzLOCK56: Three IDs (category 2) This is the SCUBA 
source LOCK850.06 l|lvison et al.ll2007h . The same IDs were 
selected. 

AzLOCK57: A single ID (category 1). A possible blend of 

weak 24 /im sources. 

AzLOCK58: Two IDs (category 1). 

AzLOCK59: No IDs obtained (but the 8.0 fim and i - K 
methods could not be used due to lack of coverage at these 
wavelengths). 

AzLOCK60: No IDs obtained. A possible blend of weak 
24 fim sources. 

AzLOCK61: Two IDs (category 1 and 3). A possible blend 
of weak 24 fim sources. 

AzLOCK62: A robust single ID (category 1). The spectro- 



scopic mid-infrared PAH redshift from lCoppin et all (|2010h 
was adopted. 

AzLOCK63: Two IDs (category 2 and 3). 

AzLOCK64: A robust single ID (category 1). A possible 

blend of weak 24 fim sources. 

AzLOCK65: A tentative single ID (category 3). A possible 
blend of weak 24 fim sources. 

AzLOCK66: A robust single ID (category 1). A possible 

blend of weak 24 fim sources. 

AzLOCK67: Two IDs (category 1 and 3). 

AzLOCK68: A robust single ID (category 1). A possible 

blend of weak 24 fim sources. 

AzLOCK69: A robust single ID (category 1). 

AzLOCK70: No IDs obtained. A possible blend of weak 

24 fim sources. 

AzLOCK71: A tentative single ID (category 3). 
AzLOCK72: A tentative single ID (category 3). A possible 
blend of weak 24 fim sources. 
AzLOCK73: A robust single ID (category 1). 
AzLOCK74: Two IDs (category 1 and 3). A possible blend 
of weak 24 fim sources. 

AzLOCK75: Two IDs (category 1 and 3). A possible blend 
of weak 24 fim sources. 

AzLOCK76: A tentative single ID (category 3). A possible 
blend of weak 24 fim sources. 

AzLOCK77: Two IDs (category 1 and 3). A possible blend 
of weak 24 fim sources. 

AzLOCK78: A robust single ID (category 1). A possible 
blend of weak 24 fim sources. 

AzLOCK79: A tentative single ID (category 3). A possible 
blend of weak 24 fim sources. 

AzLOCK80: Two IDs (category 1) at similar redshifts. 
AzLOCK81: Two IDs (category 3). A possible blend of 
weak 24 fim sources. 

AzLOCK82: Five IDs (category 1 and 3). 

AzLOCK83: A robust single ID (category 1). A possible 

blend of weak 24 fim sources. 

AzLOCK84: A robust single ID (category 1). A possible 
blend of weak 24 fim sources. 
AzLOCK85: Four IDs (category 1 and 2). 
AzLOCK86: Three IDs (category 1 and 3). A possible 
blend of weak 24 sources. Th is is the SCUBA source 
LOCK850.14 (jlvison et all I2007T I. We only selected the 
closer out of their two radio IDs, because of low signif- 
icance of the othe r one. The spectroscopic redshift from 
llvison et all (|2007l ) was adopted. 
AzLOCK87: A robust single ID (category 1). 
AzLOCK88: A robust single ID (category 1). A possible 
blend of weak 24 fim sources. 

AzLOCK89: Two robust IDs (category 1) at low redshift 
(0.14). A possible blend of weak 24 fim sources. Its 1.1mm 
/ 1.4 GHz flux ratio is also consistent with z < 0.5. 
AzLOCK90: No IDs obtained. 
AzLOCK91: A robust single ID (category 1). 

AzUDSl: No IDs obtained (but the 8.0 fim and i — K meth- 
ods could not be used due to lack of coverage at these wave- 
lengths). 

AzUDS2: A tentative single ID (category 3). 

AzUDS3: Two robust IDs (category 1). 

AzUDS4: No IDs obtained (but the i — K method could 
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not be used due to lack of coverage at these wavelengths). 

A possible blend of weak 24 /im sources. 

AzUDS5: A robust single ID (category 1). This is the 

SCUBA source SXDF850.03 (jlvison et al.ll2007r i. The same 

ID was selected. The optical counterpart and the radio ID 

may correspond to a possible lensing galaxy and a lensed 

source (see Section [3]). 

AzUDS6: Two IDs (category 1 and 3). 

AzUDS7: Two IDs (category 1 and 3). 

AzUDS8: A robust single ID (category 1). 

AzUDS9: No IDs obtained. A possible blend of weak 24 (im 

sources. 

AzUDSlO: A robust single ID (category 1). A very close 
star makes the photometry difficult to obtain. This is the 
SCUBA source SXDF850.29 (jlvison et all 12007ft . The same 
ID was selected. 

AzUDSll: A tentative single ID (category 3). A possible 
blend of weak 24 fim sources. 
AzUDS12: A tentative single ID (category 3). 
AzUDS13: A tentative single ID (category 3). 
AzUDS14: No IDs obtained. 
AzUDS15: Two IDs (category 1 and 3). 
AzUDS16: A single ID (category 2). 
AzUDS17: Two IDs (category 1 and 3). 
AzUDS18: No IDs obtained (but the 8 /im and i — K meth- 
ods could not be used due to lack of coverage at these wave- 
lengths) . 

AzUDS19: No IDs obtained (but the i — K methods could 

not be used due to lack of coverage at these wavelengths). 

AzUDS20: No IDs obtained. 

AzUDS21: Two IDs (category 1 and 3). 

AzUDS22: No IDs obtained (but the i — K methods could 

not be used due to lack of coverage at these wavelengths). 

AzUDS23: A robust single ID (category 1). 

AzUDS24: No IDs obtained (but the i — K methods could 

not be used due to lack of coverage at these wavelengths). 

AzUDS25: A robust single ID (category 1). 

AzUDS26: Two IDs (category 1 and 3). 

AzUDS27: Three IDs (category 1 and 3). A possible blend 

of weak 24 /im sources. 

AzUDS28: Two IDs (category 1 and 3) at similar redshifts. 
A possible blend of weak 24 /im sources. 
AzUDS29: Two IDs (category 1 and 3). A possible blend 
of weak 24 /im sources. 

AzUDS30: Two IDs (category 1 and 3). A possible blend 
of weak 24 /im sources. 
AzUDS31: No IDs obtained. 
AzUDS32: A robust single ID (category 1). 
AzUDS33: Two IDs (category 1 and 3 ). This is the SCUBA 
source SXDF850.01 l|lvison et al.ll2007ft . We selected an ad- 
ditional category 3 ID. 

AzUDS34: A robust single ID (category 1). 
AzUDS35: A robust single ID (category 1). 
AzUDS36: A single ID (category 3). 
AzUDS37: No IDs obtained. 

AzUDS38: Five IDs (category 1 and 3). A possible blend 
of weak 24 /im sources. 

AzUDS39: No IDs obtained. A possible blend of weak 
24 fim sources. 

AzUDS40: Two IDs (category 1 and 3). 
AzUDS41: No IDs obtained. 



AzUDS42: Five IDs (category 1 and 3). A possible blend 
of weak 24 /im sources. 

AzUDS43: Two robust IDs (category 1). A possible blend 
of weak 24 fim sources. The first and second IDs may corre- 
spond to a possible lensing galaxy and a lensed source (see 
Section 2]). The redshift of the second ID was used in the 
analysis of the redshift distribution. 
AzUDS44: No IDs obtained. 

AzUDS45: A robust single ID (category 1). A possible 
blend of weak 24 fim sources. 
AzUDS46: No IDs obtained. 

AzUDS47: Five IDs (category 1). The high-resolution sub- 
millimetre imaging revealed that the seco nd one (the most 
north ern with z ~ 2.48) is the correct ID (Hatsukad e et al 



2010). This is the SCUBA source SXDF850.06 (|lvison et al 

2007). The same radio IDs were selected. 

AzUDS48: A robust single ID (category 1). A possible 

blend of weak 24 /im sources. 

AzUDS49: A robust single ID (category 1). 

AzUDS50: Two IDs (category 1 and 3). A possible blend 

of weak 24 fim sources. 

AzUDS51: No IDs obtained. This is the SCUBA source 
SXDF850.5 jlvison et al.l I2007I V Their 3cr radio ID is not 
selected as it is too far away from the AzTEC position, which 
is offset from the SCUBA position by ~ 5 arcsec. 
AzUDS52: Four tentative IDs (category 3). 
AzUDS53: A tentative ID (category 3). 
AzUDS54: A robust single ID (category 1). 
AzUDS55: A robust single ID (category 1). A possible 
blend of weak 24 /im sources. 

AzUDS56: No IDs obtained. A possible blend of weak 
24 /xm sources. T his is the SCUBA source SXDF850.18 
jlvison et al.ll2007ft . Their radio ID was not selected due to 
its low significance. 

AzUDS57: A tentative single ID (category 3). 
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Tabic Bl: Reliable and tentative radio, 24 fim, 8.0 p.m and i — K identifications in the 
Lockman Hole field. Si.i^m is deboosted millimetre flux from Austcrmann ct al ] )2010ft . 
The coordinates and the distances to the AzTEC sources are that of the 1.4 GHz ID if 
present and 24 fim (or 0.61 GHz) otherwise. The probabilities of a counterpart to be a 
chance superposition, p, arc bold if p < 0.05 and italic if 0.05 < p < 0.1. In the last 
column the photometric rcdshifts based on optcial-ncar-IR photometry is given. Optical 
spectroscopic redshift from [ivison ct al. 1 20071 ) are shown with no errors and with three 
significant digits. Mid-IR spectroscopic redshift from |Coppin et al arc shown with 

symctric errors. Italicized redshift were calculated from the 1.1 mm / 1.4 GHz flux ratio 
using the average SMG SED from lMichalowski et"al] l2010al ). Bold redshifts indicate an 
ID used for redshift histogram analysis. N/A is given if an object is not covered by the 
IRAC map (column Sg Q and P8.o)i or °y the i- or i*C-band map (column i — K and Pi — K)- 
Moreover, N/A is given for p-valucs if Sq q < 20 p,Jy, or i — K < 2 or the object is not 
detected at the _£C-band as such objects were not taken into account for the calculations of 
p- values. Dots represent a non-detection at 8.0 (column Sg q); a nondctcction at both 
i- and i^-band (column i — K) . 
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3.8 






97 ± 30 


0.025 










N/A 


N/A 


N/A 


2.2 ± 0.5° 


19 


3 


19+° 


97 
92 


102 
102 


873630 
869137 


57 
57 


613839 
613927 


1.1 
7.7 


106 ± 11 


0.001 


162 ± 20 


0.003 


194 ± 6 


0.007 






21.3 
21.1 


0.5 
2.9 


N/A 
0.057 


-•^to.0 2 3 


20 


3 


37li 


11 
08 


10.3 


440710 


57 


280218 


2.6 


26 ± 8 


0.029 










N/A 


N/A 








3.1 ± 0.5 










10.3 


438430 


57 


277931 


6.9 


31 ± 8 


0.077 






174 ± 12 


0.164 


N/A 


N/A 


23.7 


<2.6 




0.86+° ;f 9 










10.3 


441228 


57 


278313 


5.9 














N/A 


N/A 


21.9 


3.3 


0.041 


1 30+ 07 
1,3U -0.10 


21 


3 


0^0 


91 
97 


102 


880905 


57 


524897 


4.9 










210 ± 6 


0.061 


84 ± 7 


0.051 


19.4 


1.7 


N/A 


+0.08 
U ' 57 -0.19 


22 


3 


19±0 


10 

99 


10.3 


235770 


57 


399629 


2.0 


76 ± 5 


0.006 


207 ± 10 


0.005 


976 ± 72 


0.000 


71 ± 6 


0.024 


20.8 


2.2 


0.013 


+0.09 
1 " 11 -0.09 



iS! 

b 

Cp 

b 

si 

Co 

1 

^ — j 

as 

-i 
S 

s 



CO 



Tabic Bl: continued. 



No. 


Sl.lum 


RA ID 


DECid 


Dist 


Si. 4 


PI. 4 


So. 6 


P0.6 


S24 


P24 


$8.0 


P8.0 


K 


i - K 


Pi-K 


z 






(mjy) 


(deg) 


(deg) 


(") 


(lily) 




(MJy) 




(M-Jy) 




(MJy) 




(mag) 


(mag) 












163.233880 


57.400757 


6.7 


93 ± 5 


0.030 


63 ± 17 


0.089 






40 ± 4 


0.150 


20.7 


3.4 


0.016 


+11 1 -> 

1 - ZO -0.08 








163.235610 


57.398088 


3.7 


19 ± 6 


0.058 


84 ± 16 


0.037 










21.9 


1.9 


N/A 


OO+0.10 
Z - JJ -0.11 








163.231580 


57.398130 


8.2 


17 ± 6 


0.086 














23.0 


0.5 


N/A 


71 +°-04 
' 1 -0.16 


23 


3 


13 -1.12 


163.338730 
163.337622 


57.288664 
57.287949 


5.6 
7.7 


40 ± 8 


0.054 






376 ± 37 


0.029 


26 ± 2 
30 ± 3 


0.152 
0.200 


23.2 
22.3 


2.5 
>4.1 


0.191 

0.089 


„ , -+0.04 

3 - 14 -o.n 

2 - 7 °Io.20 


24 




Ui -1.06 


163.159440 


57.409936 


1.9 


32 + 5 


0.015 


132 ± 15 


0.003 


370 ± 28 


0.000 


28 + 2 


0.025 


21.7 


2.9 


0.009 


3.036 








163.159970 


57.411082 


3.2 


42 ± 5 


0.024 


132 ± 15 


0.003 


88 ± 20 


0.157 


31 ± 3 


0.052 


22.0 


1.9 


N/A 


1.12+°?= 
—0.10 








163.162320 


57.412221 


8.2 


14 + 5 


0. 086 










13 ± 1 


N /A 


22.1 


3.4 


0.075 


1 78+ ' 19 
1- ' -0.38 


25 


2 


_o+1.04 
,o -0.93 


162. i I r040 


O ( < 6i50l 


7.2 


56 ± 11 


0. 056 


83 x 27 


0. 06 4 


1 126 ± 26 


0.025 


N/A 


N/A 


18.4 


1.8 


N/A 


n Rtt+ 07 
°- 63 -0.15 








1 fiO 781 Ofifl 


r.7 K77QOI 


6.3 


42 ± 11 


0.061 










N /A 


N /A 


24.3 


<2.7 




n oi+ - 24 

°' 51 -0.51 


26 


3 


.,+ 1.14 
07 -1.26 


162.748710 


57.276582 


1.1 


28 ± 8 


0.008 


67 ± 15 


0.005 


70 ± 6 


0.004 


N/A 


N/A 


23.0 


2.0 


0.016 


„ .-+0.21 
2 - 47 -0.30 


27 


2 


oy -1.13 


163.079530 


57.316107 


6.2 


122 ± 6 


0.022 


188 ± 12 


0.028 


239 ± 27 


0.096 






21.6 


3.6 


0.040 


2 - 04 -0.04 








163.078117 


57.314455 


1.3 










48 ± 3 


0.043 


24 ± 2 


0.015 


22.9 


2.0 


N/A 


- -1-0 21 
1 Q 1 ' 








163.078468 


57.314962 


1.8 


















20.7 


3.0 


0.004 


1 f|7T 


28 


2 


' d -1.08 
















N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


> 2.6 


29 


2 


73 -1.12 


162.847080 


57.366224 


2.4 


51 ± 5 


0.014 


84 ± 14 


0.041 


132 ± 6 


0.092 


14 ± 1 


N/A 


22.6 


2.7 


0.109 


_|_n ei 

1.89+°;^ 

> 2.5 


30 


2 


,.,+0.94 
DO -1.09 






























31 


3 


, ~ + l 44 
1J -1.60 
























N /A 


N /A 


N /A 




32 


2 


70+I- 12 
,,:5 -1.16 


162.673560 


57.358630 


4.2 


45 +_ 7 


0.037 


128 ± 18 


0.033 


145 x 7 


0.111 


N/A 


N/A 


N/A 


N/A 


N/A 


2.2 ± 0.5 


33 


2 


r 1 +1 03 
ol -1.02 


163.191330 
163.192283 


57.522224 
57.522269 


1.2 
2.0 


83 ± 7 


0.002 


145 ± 40 


0.012 


1009 ± 36 


0.002 


54 ± 5 


0.009 


20.7 
21.7 


3.2 
4.0 


0.002 
0.007 


„-|_0.15 

..__i_n 4^ 
i - 3 '-0.15 


34 


2 


, + 1 03 
65 -1.21 






























> 2.5 


35 


2 


,,4-1 01 
oi -1.10 


163.486250 


57.498767 


6.9 


79 ± 8 


0.043 


141 ± 25 


0.058 


57 ± 13 


0.443 












-. «- +3.64 
1 71 

A - ' - L _0.34 








163.484690 


57.499650 


5.0 










475 ± 29 


0.039 


342 ± 30 


0.020 


18.7 


1.0 


N/A 


„ ,.~+Q 08 

°- 67 Io.io 








163.480490 


57.497562 
















67 + 6 


0. 059 


17.8 


1.0 


N /A 


„ 7 2 +0.05 
u - '^-0.07 


36 


2 


7 o+1.22 
' J -1.32 


163.456170 


57.266529 


4.9 


29 ± 9 


0.078 


93 ± 17 


0.056 


223 ± 7 


0.098 


N/A 


N/A 








2.6 ± 0.5 


37 


2 


~e + 1-12 
65 -1.32 


162.973890 


57.224526 


10.3 


110 ± 7 


0.057 


146 ± 13 


0.090 


389 ± 14 


0.133 


N/A 


N/A 


21.0 


2.7 


0.098 


o„ + 0.07 
1-3S -0.23 








162.963760 


57.225 744 


11.7 


70 ± 7 


0.101 


132 ± 15 


0.096 


859 ± 15 


0. 069 


N/A 


N/A 


18.3 


1.4 


N/A 


„ ,., +0.11 
°- 61 -0.08 








162.968647 


57.228976 


9.1 


31 ± 8 


0.139 










N/A 


N/A 


21.1 


2.8 


0.098 


2 12+°?? 
— 0.10 


38 


2 


o,+0.98 
J °-1.07 


162.8iy6y0 




2.3 


40 ± 9 


0.017 






109 x 5 


0. 050 


32 + 3 


0.031 








. _„+0.62 
4 - 73 -3.03 


39 


2 


ei +1.13 
J1 -1.27 


163.051110 
163.050498 
163.051906 


57.263759 
57.264504 
57.264443 


3.0 
1.2 
1.7 


91 ± 6 


0.011 


162 ± 12 


0.013 


276 ± 20 


0.022 


24 + 2 


0.077 


23.2 
22.2 
23.1 


>3.2 
2.8 
2.4 


0.060 
0.011 

0.099 


-. „„+0.69 

1 - 89 -0.39 

, , +0 07 
1 1 5 ' 
1 ' lo -0.10 
o no + 0.25 

2 - 02 -0.22 


40 


2 


97+1-02 
z '-1.03 


163. 108470 


57.564205 


5.9 


50 i 9 


0. 057 






256 i 8 


0. 081 


37 ± 3 


0. 168 


21.2 


4.4 


0.024 


, ,„+0.13 
1 - 32 -0.25 








163.113650 


57.565914 


6.0 


53 ± 8 


0.054 






194 ± 13 


0.138 






23.8 


<3.1 




z ' 3 - i -0.27 






'■' n _ 


163.111345 


57.565350 


1.1 










27 ± 2 


0.078 






21.2 


0.4 


N/A 


,.-,+ 08 
U ' D '-0.10 


41 


2 


qE + 1-07 
J0 -1.19 




Oi.Df 4oy4 


7.7 






85 ± 24 


0.096 


467 ± 25 


0.090 


N /A 


N /A 


N /A 


N /A 


N /A 


2.0 ± 0.5 


42 


2 


oe + 1-19 
J0 -1.24 




















N/A 


N/A 


N/A 


N/A 


N/A 


> 2-4 


43 


2 


„e + 1.12 
J0 -1.22 


162.969100 


57.356797 


4.5 


41 + 6 


0.049 


74 ± 13 


0.025 


261 ± 5 


0. 055 


29 + 3 


0.151 


22.4 


3.5 


0.068 


„ .+0.21 
2 - 64 _0.47 








1 «9 Q70 1 r,o 


O f . o040Uz 




21 i 7 








196 i 7 














„ 9 o + 0.02 
u ' ZJ -0.03 








162.977170 


57.354874 


12.6 














22 + 2 


0.434 


21.0 


3.0 


0.068 


„ o e+0.05 
^■^0-0.05 


44 


2 


OE+101 

2a -1.12 


ibo. 1 * y * 4U 


Ol.b (009 1 


11.9 


80 + 8 


0. 098 


96 ± 20 


0. 129 


332 x 6 


0.187 






22.8 


2.7 


0.413 


, „„+0.38 
1 - 62 -0.25 


45 


2 


91+104 
•"-1.11 


162.980280 


57.638882 


5.9 


52 ± 9 


0.055 






335 ± 7 


0.075 


78 + 7 


0.117 


N/A 


N/A 


N/A 


1.9 ± 0.5 a 


46 


2 


OE+120 

JO -1.29 




















N/A 


N/A 








> 2.^ 


47 


2 


,7+1.03 
•"-1.17 


163.279230 


57.509481 


2.2 


36 ± 7 


0.018 






188 ± 6 


0.033 






23.6 


<2.9 




2 - b5 -0.27 


48 
49 


2 
2 


oe + 1.26 
JO -1.33 
9 ,+1.08 
•"-1.14 




















N/A 


N/A 


N/A 


N/A 


N/A 


> 2.^ a 
> 2.4 



Tabic Bl: continued. 



No. 




RA ID 


DECid 


Dist 


Si .4 


PI .4 


Sq q 


P0.6 


S 2 4 


P24 




P8.0 


K 


i - K 


Pi — K 


z 






(mjy) 


(deg) 


(deg) 


(") 


(MJy) 




(mJy) 




(MJy) 




(MJy) 




(mag) 


(mag) 






50 


2 


21 + 1 
^ — 1 


03 
19 


163 


020980 


57.488252 


4.8 


136 ± 7 


0.015 


268 ± 17 


0.011 


278 ± 7 


0.056 


66 + 6 


0.085 


20.1 


2.9 


0.010 


1 13+ C '- fi4 
— 0.08 


51 


2 


211; 


15 
24 


162 


650370 


57.557859 


4.1 


79 ± 13 


0.022 


96 ± 15 


0.026 






N/A 


N/A 


N/A 


N/A 


N/A 


J. 5 ± 0.5 a 












O4tt01t> 


57.556668 


8.7 










3027 + 39 


0.010 


N /A 


N/A 


N/A 


N/A 


N/A 


> 5.4° 










162 


DDoooU 


57.559403 


7.4 


43 ± 14 


0.096 






98 + 9 


0.337 


N /A 


N/A 


N/A 


N/A 


N/A 


2.0 ± 0.5 a 


52 


2 


35+1 


33 

56 


163 


UolZoU 


57.760604 


5.7 


86 ± 19 


0.035 










N/A 


N/A 


N/A 


N/A 


N/A 


1.5 ± 0.5 a 


53 


2 


35+| 


20 
49 


























N /A 


N/A 


N /A 


> 2.4 a 




2 


1Q + 1 


10 
21 


163 


Afifi r \ r \A 
-t<><>- 1 ■ i -t 


A A 7/1 1 A 


3 7 










291 ± 17 


038 






N /A 


N /A 


N /A 












163 


466970 


57.446462 


4.4 


26 + 8 


0.077 






19 + 7 


0.687 


24 + 2 


0.210 


N/A 


N/A 


N/A 


2.5 ± 0.5° 










163 


466080 


57.450271 


12.3 


92 + 8 


0.095 


199 ± 17 


0.084 


349 ± 17 


0.184 






N/A 


N/A 


N/A 


i .4 ± o.s a 






3511 


30 


163 


458444 


57.447070 


12.5 










158 ± 2 


0.390 


851 ± 75 


0.042 


N/A 


N/A 


N/A 


> 2.3 a 


55 


2 


162 


976211 


57.175804 


3.9 










240 ±12 


0.040 


N/A 


N/A 


N/A 


N/A 


N/A 


> 2.4 a 










162 


974050 


57.177404 


4.5 


42 ± 10 


0.057 










N/A 


N/A 


N/A 


N/A 


N/A 


2.1 ± 0.5° 










162 


975700 


57.177560 


5.2 






69 ± 17 


0.085 






N/A 


N/A 


N/A 


N/A 


N/A 


2.2 ± 0.5" 


56 


2 


is!! 


26 


163 


014780 


57.421302 


6.5 


33 + 7 


0.106 


80 ± 16 


0.053 


352 ± 8 


0.068 


35 + 3 


0.223 


20.3 


1.7 


N/A 


+0.06 
J - u, -0.04 










163 


017130 


57.423446 


2.7 










89 ± 14 


0.091 


25 + 2 


0.0,59 


23.3 


<1.9 


N/A 


4 60+ 03 










163 


021900 


57.422944 


11.4 


38 + 6 


0.180 


116 ± 16 


0.127 


646 ± 11 


0.088 


556 ± 49 


0.062 


18.8 


1.2 


N/A 


60+° 12 
u.ou_ 06 


57 


2 




18 
20 


163 


209248 


57.435705 


9.5 










455 ± 9 


0.108 


3533 ±311 


0.007 


N/A 


N/A 


N/A 


> 2.3 a 


58 


2 


LI 

051 { 


07 
19 


163 
163 


181646 
182610 


57.677593 
57.678603 


3.9 
0.5 






74 ± 22 


0.001 


770 ± 21 


0.012 


5531 ± 487 


0.001 


N/A 
N/A 


N/A 
N/A 


N/A 
N/A 


> 2.3 a 

2.0 ± 0.5° 


59 


2 


05+ 1 


08 
20 






















N/A 


N/A 


N/A 


N/A 


N/A 


> 2.5 


60 


2 


06±\ 


11 

22 
































> 2.5 


61 


2 


05+1 


21 
27 


163 
163 


239680 
234813 


O 1 .o /y 140 
□ / .oolU / i 


4.5 
7.5 


29 + 4 


0.075 


74 ± 19 


0. 074 


272 + 8 


0. 054 


18 ± 2 


N/A 


22.0 


4.1 
3.5 


0.038 

0. 077 


, ,„+0.24 

, /n + 0.07 




1 


95+1 


05 
16 




U4JZ4U 






65 + 7 




167 i 20 








32 ± 3 


am* 


23 


>3.4 






63 


2 


05 1 


19 
40 


163 


525460 


57.343559 


5.3 


37 + 9 


0.077 






190 ± 31 


0.090 


N/A 


N/A 


22.1 


1.6 


N/A 












163 


518080 


57.343389 


15.8 


73 + 9 


0.171 


89 ± 18 


0.258 


1722 ± 10 


0. 056 


N/A 


N/A 


19.6 


0.4 


N/A 


^ -, ^. + 04 
°- 16 Io.l6 


64 


1 


yo_ ^ 


07 
18 


163 


lO/i 1 act 


57.576504 


2.8 


188 ± 7 


0.004 


347 ± 22 


0.004 


457 ± 9 


0.015 


53 + 5 


0.044 


21.8 


1.4 


N/A 


4-0 02 


65 


1 


Q7+1 


08 
22 


163 


Z4±OOU 


57.659149 


4.2 


32 ± 11 


0.062 






142 ± 6 


0.184 


29 + 3 


0.183 


N/A 


N/A 


N/A 


2.2 ± 0.5° 


66 


1 


nc + 1 

95_ 1 


08 
24 


163 


463590 


57.514934 


4.7 


67 + 8 


0.034 


107 ± 20 


0.040 


230 ± 15 


0.074 


23 + 2 


0.191 


22.5 


2.4 


0.208 


.. „„+0.15 

^Olo.is 


67 


1 


~~-t-l 

893 1 


14 
19 


162 
162 


683620 
687912 


57.488883 
57.490231 


10.3 
2.0 






108 ± 17 


0.131 


888 ± 13 


0.067 


259 ± 23 
28 + 2 


0.109 
0.048 


N/A 
N/A 


N/A 
N/A 


N/A 
N/A 


^ ,^40 05 
°- 60 -0.15 
> 2.2 


68 


1 


nc + 1 

95IJ 


12 
31 


163 


356740 


57.380114 


2.3 


75 + 6 


0.009 


138 ± 15 


0.003 


100 ± 6 


0.072 


43 ± 4 


0.043 


21.3 


3.0 


0.008 


. +0.06 
— 0.09 


69 


1 




07 


162 


748590 


57.545517 


1.9 


42 ± 11 


0.014 


60 ± 20 


0.014 


315 ± 7 


0.011 


N/A 


N/A 


N/A 


N/A 


N/A 


J. 9 ± 0.5 a 


70 


1 


89+i 


04 
20 
































> 2.2 


71 


1 


89+ J 


14 

25 


163 


532170 


57.500368 


6.6 


28 + 8 


0.135 


81 ± 24 


0.088 


216 ± 8 


0.131 


40 ± 4 


0.189 


24.4 


<3.2 




d - 1B _1.40 


72 


1 


89+1; 


10 

21 


162 


883580 


57.672004 


6.2 


44 ± 12 


0.080 






33 + 6 


0.740 


N/A 


N/A 


N/A 


N/A 


N/A 


J. 9 ± 0.5 a 


73 


1 


89+ \ 


07 
21 


162 


987140 


57.683242 


2.4 


74 ± 11 


0.011 


117 ± 22 


0.023 


688 ± 25 


0.008 


N/A 


N/A 


N/A 


N/A 


N/A 


1.5 ± 0.5 a 


74 


1 


89+. 1 ! 


18 
45 


163 
163 


193130 
187586 


57.296706 
57.296442 


5.6 
12.0 


85 + 6 


0.037 


148 ± 12 


0.038 


681 ± 28 


0.022 


47 + 4 
621 ± 55 


0.156 
0.060 


N/A 
14.7 


N/A 
N/A 


N/A 
N/A 


J. 4 ± 0.5 a 

o.o8t° ;° 2 3° 


75 


1 




45 


163 


288440 


57.283102 


4.1 


117 ± 7 


0.015 


290 ± 17 


0.017 


415 ± 8 


0.026 


N/A 


N/A 


N/A 


N/A 


N/A 


1.2 ± 0.5 a 










163 


286010 


57.282503 


9.3 


107 ± 7 


0.062 










N/A 


N/A 


N/A 


N/A 


N/A 


1.2 ± 0.5 a 


76 


1 


o^+l 

873 1 


00 
23 


163 


121253 


57.551547 


9.1 










123 ± 26 


0.383 


24 ± 2 


0.378 


20.6 


2.7 


0.054 


4-0 05 
1 ' 1J -0.07 


77 


1 


89+i 


05 
30 


162 


951740 


57.688409 


4.8 


102 ± 13 


0.022 


190 ± 27 


0.031 


386 ± 13 


0.040 


N/A 


N/A 


N/A 


N/A 


N/A 


J. 2 ± 0.5 a 










162 


948700 


57.691634 


8.2 


58 ± 13 


0.091 






59 + 4 


0.579 


N/A 


N/A 


N/A 


N/A 


N/A 


1.6 ± O.S a 


78 


1 


89+ \ 


06 
33 


163 


458285 


57.564010 


3.1 










406 ± 9 


0.016 


24 + 2 


0.054 


22.6 


1.5 


N/A 


2 21+ - 14 
^'^ -0.34 


79 


1 


89 +1 i 


15 
47 


163 


130527 


57.264555 


15.9 










90 + 6 


0.757 


1183 ± 104 


0.053 


N/A 


N/A 


N/A 


> 2.2 a 


80 


1 


89+. ^ 


14 
54 


163 


575400 


57.579668 


3.8 


61 ± 12 


0.028 






446 ± 6 


0.018 


46 + 4 


0.080 


21.6 


3.5 


0.018 


1 77+ ' 18 
—0.20 










163 


577890 


57.578058 


6.7 


94 ± 11 


0.043 


109 ± 29 


0.058 


286 ± 8 


0.123 


33 ± 3 


0.299 


22.0 


2.0 


0.330 


1 52+ 08 
1 - oz -o.io 


81 


1 


89+. \ 


05 
41 


163 


342850 


57.386243 


5.1 


31 ± 6 


0.091 




















2.2 ± 0.5 










163 


343604 


57.384038 


8.5 










197 ± 4 


0.227 


44 + 4 


0.294 


21.2 


3.3 


0.051 


+0.07 
2 ' 25 -0.0S 



iS! 

b 

b 

Co 



b 

In 

Co 

s 
&. 

S" 

CO 
I 

03 
CI 

Co 

S 

3 



to 



Tabic Bl: continued. 



No. 


Sl.lum 


H.A ID 


DECid 


Dist 


Si. 4 


PI. 4 


So. 6 


P0.6 


S 2 4 


P24 


$8.0 


P8.0 


K 


i — K 


Pi-K 


z 






(mjy) 


(deg) 


(deg) 


i" \ 
V } 










(M-Jy) 




(/^Jy) 




(mag) 


(mag) 






82 


1 


79+ 1 


03 
29 




QflQQQfl 

, yuooou 


^7 6^1 049 


6.4 


^6"3 + 19 


0.008 


959 zb 22 


0.007 


862 zb 41 


0.019 






N /A 


N /A 


N /A 


q _j_ 5 a 










162 


. yuoiou 


57.631763 


4.9 


93 ± 12 


0.026 










108 ± 9 


0.030 


N/A 


N/A 


N/A 


J. 3 ± 0.5 a 










162 


.906190 


57.632486 


4.7 






115 ± 22 


0.041 










N/A 


N/A 


N/A 


J. 5 ± 0.5 a 










162 


.902240 


57.630337 


9.4 


70 ± 11 


0.094 


72 ± 21 


0.213 










N/A 


N/A 


N/A 


1.5 zb 0.5 a 










162 


.906694 


57.633462 


5.0 










305 ± 17 


0.083 


38 ± 3 


0.199 


N/A 


N/A 


N/A 


> 2.2" 


83 


1 


.89+° 


91 
.87 


162 


.840330 


57.709211 


4.2 


165 ± 18 


0.011 


283 ± 24 


0.010 


401 ± 9 


0.033 


N/A 


N/A 


N/A 


N/A 


N/A 


1.0 ± 0.5 a 


84 


1 


.89+° 


71 
98 


162 


.920420 


57.188941 


1.4 


63 ± 9 


0.005 


82 ± 17 


0.018 


119 ± 5 


0.033 


N/A 


N/A 


N/A 


N/A 


N/A 


J. 6 ± 0.5 a 


85 


1 


79+i 


00 
.43 


163 
163 


.431700 
.431593 


57.429228 
57.428092 


2.3 
1.6 


46 ± 7 


0.017 


89 ± 18 
89 ± 18 


0.010 
0.010 


41 ± 5 
112 ± 13 


0.059 
0.093 


27 ± 2 


0.078 


24.0 


<3.0 




" i - 57 -0.22 

J .7 ± 0.5 










163 


.430310 


57.425037 


14.2 


199 ± 6 


0.061 


393 ± 15 


0.056 


1081 ± 21 


0.081 


70 ± 6 


0.370 


19.1 


1.5 


N/A 


'-■ uo -0.06 










163 


.434000 


57.425647 


11.7 


102 ± 7 


0.090 


153 ± 15 


0.125 


865 ± 16 


0.078 


64 ± 6 


0.338 


22.1 


2.6 


0.366 


1 76 +°-16 
x - '°-0.29 


86 


1 


.791*; 


.57 


163 
163 
163 


.128230 
.121126 
.130216 


57.369305 
57.368877 
57.370344 


2.0 
12.0 
6.6 


61 ± 6 


0.010 


89 ± 14 


0.020 


193 ± 7 


0.016 


52 ± 5 


0.013 


21.9 
21.2 
22.1 


2.0 
3.1 
3.9 


N/A 
0.091 
0.088 


2.611 

, 19 +0.08 
1 - lz -0.05 
1 o<7+0.l0 
1 '°'-0.22 


87 


1 


.79+° 


95 
53 


162 


655010 


57.541291 


2.1 


52 ±12 


0.013 


136 ± 16 


0.018 


337 ± 10 


0.010 


N/A 


N/A 


N/A 


N/A 


N/A 


1.7 ± 0.5° 


88 


1 


.79+° 


81 
84 


163 


.492020 


57.667372 


6.9 


84 ± 11 


0.052 


260 ± 35 


0.028 


335 ± 8 


0.121 


73 ± 6 


0.189 


N/A 


N/A 


N/A 


1.3 ± 0.5° 


89 


1 


.73+.° 


93 
.51 


162 
162 


656590 
655038 


57.479112 
57.480839 


3.2 
6.1 


421 ± 10 


0.002 


710 ± 17 


0.003 


968 ± 11 


0.006 


373 ± 33 
304 ± 27 


0.008 
0.037 


N/A 
N/A 


N/A 
N/A 


N/A 
N/A 


14+°- 14 
— 0.11 

> 2.2 


90 


1 


.65+° 


90 
.57 
































> 2. J 


91 


1 


68+.° 


63 
.81 


163 


.196510 


57.188842 


2.6 






75 ± 14 


0.026 
















1.8 ± 0.5 



a The optical photometric redshift could not been measured because this object is outside of the optical map (or close to a bright star) 



Table B2: Reliable and tentative radio, 24 /im, 8.0 /xm and i — K identi- 
fications in the UDS field. Columns are described in Table iBll 



No. 


Si.iu.rn 


RAiD 


DECid 


Dist 


SlA 


Pi. 4 


S24 


P24 


Sg.o 


Ps.o 


K 


i- K 


Pi-K 


z 




(mJy) 


(deg) 


(deg) 


(") 


(MJy) 




(pJy) 




(y"Jy) 




(mag) 


(mag) 






1 


5.29±i;f 8 
















N/A 


N/A 


N/A 


N/A 


N/A 


> 2.9 a 


2 


3.99+1;*° 


34.442284 


-4.796439 


5.7 






77 ±7 


0.199 


21 ± 2 


0.162 


22.8 


>3.6 


0.084 


^0+0.47 


3 


3.75+j;?l 


34.479333 
34.479412 


-4.789667 
-4.789859 


1.5 
1.4 


113 ± 20 


0.002 


776 ± 11 


0.002 


78 ± 7 


0.014 


21.6 
21.6 


3.8 
4.6 


0.005 
0.003 


1 H1 +0.04 
J-- ol _0 06 

q 1 q + 0.07 

o -^°_0.10 


4 


4.39±i"£ 




















N/A 


N/A 


N/A 


> 2. 7 a 


5 


3.57tii? 


34.425542 


-4.941028 


1.0 


89 ± 17 


0.002 






40 ± 4 


0.022 


19.3 


1.3 


N/A 


OA5+° ol 


6 


q qq+ 1 - 27 


34.677833 


-4.992167 


4.3 


105 ± 16 


0.014 


924 ± 37 


0.009 


77 ± 7 


0.047 


21.2 


3.6 


0.011 


2.29+1™ 






34.677021 


-4.991021 


5.2 










73 ± 6 


0.075 


19.8 


1.4 


N/A 


0.45+H* 


7 


^ QQ+ 1 - 57 
1.67 


34.233034 


-4.759176 


2.1 






174 ± 10 


0.023 


23 ± 2 


0.054 


21.3 


2.1 


0.019 


i.ssts-;; 






34.232956 


-4.758326 


2.8 










11 ± 1 


N/A 


21.8 


2.1 


0.054 


7S+ - 24 


8 


o qq+1.59 
•J-»f _1.82 


34.424875 


-4.525111 


5.8 


153 ± 24 


0.016 


329 ± 12 


0.053 


N/A 


N/A 


N/A 


N/A 


N/A 


1.5 ± 0.5 a 


9 


q 7 r + 1.90 
°- ' °— 2.37 


























> 2.5 


10 


3.07±i;Si 


34.568708 


-4.919111 


7.1 


240 ± 15 


0.013 


1047 ± 33 


0.021 


72 ± 6 


0.124 


20.2 


0.6 


N/A 


39+ 06 

«• oa -0.19 


11 


3-29tl;?i 


34.283750 


-4.935194 


8.7 


59 ± 15 


0.077 


198 ±6 


0.185 


33 ± 3 


0.279 








r r.o+0.17 

0.00_ 3 g3 


12 


3.29±1;|| 


34.281514 


-4.713486 


10.9 










12 ± 1 


N/A 


20.9 


2.5 


0.095 


1 10+ 007 

J- • J- v/ 0.O8 


13 


n oq+1.19 


34.618958 


-4.912472 


9.3 


55 ± 19 


0.084 










N/A 


N/A 


N/A 


2.0 ± 0.5 a 


14 




























> 2.2 


15 




34.478542 


-4.739333 


4.2 


61 ±18 


0.028 


464 ± 10 


0.032 


41 ± 4 


0.087 


20.8 


2.0 


0.030 








34.477875 


-4.736583 


6.0 


34 ± 13 


0.078 






3 ± 1 


N/A 


24.8 


>1.6 


N/A 


^ gy+0.30 


16 


2.93±i;|| 


34.317708 


-4.966000 


10.8 


125 ± 26 


0.054 


843 ± 10 


0.056 


425 ± 37 


0.063 


19.0 


1.1 


N/A 




17 


3 07+ Hi 

° w 1 —1.99 


34.299750 


-4.721611 


5.4 


59 ± 20 


0.045 


137 ± 16 


0.218 






24.3 


>2.1 


0.807 


1.25+°-^ 

— 0.20 






34.297058 


-4.719346 


7.4 










15 ± 1 


N/A 


22.0 


4.1 


0.086 


9 90+0.10 
— U. lb 


18 


3.11+JS 

— Z.DO 
















N/A 


N/A 


N/A 


N/A 


N/A 


> 2.3 a 


19 


3.28+°-^ 




. . . 


. . . 














N/A 


N/A 


N/A 


> 2.3 a 


20 


2.93+^ 


























> 2.2 


21 


2.63+JS 1 

— X. f ( 


34.540635 


-5.077821 


4.8 










17 ± 2 


N/A 


20.6 


2.6 


0.020 


l-04±° ol 






34.543259 


-5.078739 


8.5 






58 ±2 


0.576 


20 ± 2 


N/A 


21.5 


3.1 


0.068 


1 qq + 0.07 

— U.Oo 


22 


2.47+^54 




















N/A 


N/A 


N/A 


> 2.r 


23 


2 47+125 

' —1.57 


34.585958 


-4.958528 


9.9 


126 ± 34 


0.050 


195 ± 5 


0.249 


19 ± 2 


N/A 


20.6 


1.2 


N/A 


0.64+ , * 

— 0.14 


24 


9 7 o+0.87 
^. i <J_2.81 




















N/A 


N/A 


N/A 


> 2.2 a 


25 


9 OO+0.70 
0t -*— 2.89 


34.605208 


-5.156611 


0.3 


53 ± 18 


0.000 
















2.1 ± 0.5 


26 




34.634092 


-4.941660 


3.0 






266 ± 13 


0.042 


13 ± 1 


N/A 


23.0 


>3.4 


0.064 


3.30+° ™ 






34.633677 


-4.941219 


5.8 










17 ± 1 


N/A 


21.2 


3.0 


0.055 


o.9sl8:S 


27 


2.66±°;« 


34.662821 


-4.580741 


3.7 






249 ±9 


0.029 


18 ± 2 


N/A 


N/A 


N/A 


N/A 


> 2.2° 






34.659875 


-4.581861 


8.6 


62 ±23 


0.084 


396 ± 17 


0.114 






N/A 


N/A 


N/A 


i.P ± 0.5 a 






34.659872 


-4.583055 


10.9 






20 ±4 


0.850 


496 ± 44 


0.059 


N/A 


N/A 


N/A 


> 2.2 a 


28 


' -1.73 


34.511917 


-5.008611 


14.1 


529 ± 14 


0.019 


1172 ± 50 


0.074 


97 ± 9 


0.301 


21.0 


2.9 


0.167 








34.510316 


-5.004469 


2.5 










8 ± 1 


N/A 


22.0 


2.5 


0.065 


1 iq + 0.09 

1 - iO -0.11 



iS! 

fa 

£ 
fa 

CO 

fa 
fa 

3 

Co 

- 

E5 
<2 

as 
1 

a 

C 1 

as 

C<3 

-i 

S 

s 



to 

CO 



Table B2: continued. 



No. 


Si i |j.m. 


RAid 


DECid 


Dist 


5*1 4 


Pi. 4 


S24 


P24 


S$ 


Ps.o 


K 


i - K 


Pi—K 


z 




(mjy) 


(deg) 


(deg) 


(") 


(£«Jy) 




(A«Jy) 




(A«Jy) 




(mag) 


(mag) 






29 




34.486417 


-4.877444 


6.4 


88 ±17 


0.040 


435 ±7 


0.056 


48 ± 4 


0.172 


21.6 


4.0 


0.047 


3-07+^9 






34.484820 


-4.880592 


7.6 










11 ± 1 


N/A 


21.5 


3.3 


0.056 


0.97i°- ° 7 


30 


9 97 +1.14 
z,z ' —2.03 


34.423402 


-5.038808 


1.8 






100 ±4 


0.065 


16 ± 1 


N/A 


21.8 


1.2 


N/A 


2.191™* 






34.422787 


-5.040026 


6.0 










18 ± 2 


N/A 


20.2 


2.2 


0.035 


0.82±°,;°2 


31 


9 sc:+0 01 
Z.OO_ 3 01 
























> 2.2 


32 


9 i O+1.05 
z - lo -2.01 


34.529958 


-4.737167 


3.7 


68 ± 19 


0.023 
















5.69+°;°i 


33 


2.03±1;|| 


34.377625 


-4.993472 


2.5 


63 ± 15 


0.013 






21 ± 2 


0.088 


23.1 


2.7 


0.105 


3.19t^ 






34.373214 


-4.993681 


16.8 


81 ± 13 


0.175 


539 ± 14 


0.219 


56 ± 5 


0.524 


20.7 


3.1 


0.089 


-1 n 9+0.08 

J--UZ_Q Q 7 


34 


2.03^ 1 73 


34.530583 


-4.827694 


5.8 


67 ±20 


0.047 


407 ±9 


0.063 


33 ± 3 


0.228 


22.1 


2.8 


0.151 


„ „„+0.11 


35 


2 1Q+ - 57 

— Z.d^ 


34.305542 


-4.982639 


4.4 


54 ± 16 


0.038 






17 ± 2 


N/A 


23.5 


0.9 


N/A 


3.40+°'^ 

— U.U7 


36 


2 ^7+0.61 


34.297946 


-4.965358 


4.5 










6 ± 1 


N/A 


21.8 


2.9 


0.073 


1.00+°°I 


37 


1 99 + ; : 2o 


























> 1 .9 


38 


2.81 


34.375103 


-5.164719 


2.1 






220 ± 13 


0.020 


25 ± 2 


0.051 


20.5 


2.6 


0.004 


l.H + nno 
J -- J - J - — 0.09 






O^i.O ( 40UO 


-O.lDoOUo 












1 R 4- 1 


N/A 

In / s\ 


99 1 

zz. 1 


9. ^ 
0.0 


U.UoO 


9 ^fi+ - 17 






Q/1 Q7Q/1QC1 

o4.o (848a 


CC 1 £91 7Q 












Z4 ± z 


U.4 1 4 


9n 1 


9 7 

Z. ( 


u. uoo 


1 n^+ - 07 

1 - uo -0.03 






34 373557 


-5 163234 


7.4 










29 ± 3 


0.277 


20.5 


3.1 


0.018 


1 04 + SR? 

I - u4 -0.04 






34.373963 


-5.163446 


5.8 






29 ±4 


0.542 






21.8 


2.7 


0.097 


i - lJ 4-0.12 


39 


2 42+2-?i 

z "^ z '— 2.66 
















N/A 


N/A 


N/A 


N/A 


N/A 




40 


1 83+J-2 1 


34 61 1 500 


-4 825250 


2.3 


56 ± 18 


0.014 
















1.6 ± 0.5 






34 60981 5 


-4 828521 


10.9 






100 ± 8 


0.560 


29 ± 3 


0.498 


19.8 


2.0 


0.063 


70+0. 08 


41 


1 94+ - 74 


























> 1 .9 


42 


1 83+ 100 


34 4061 67 
^4 AO^M 


-4 801 278 
4 SOI fiQ7 


3.4 

O. 1 


142 ± 16 


0.009 


51 ± 13 
9«q _i_ 1 q 


0.369 


16 ± 1 


N/A 


23.0 


2.0 


N/A 


3 19+ 006 

°' la - 0.09 

> 1 .8 






34.404859 


-4.801858 


4.7 










31 ± 3 


0.178 


20.7 


2.3 


0.044 


0.82+°" 






34.400962 


-4.801975 


16.7 


126 ± 28 


0.120 


523 ±9 


0.236 


172 ± 15 


0.277 


19.2 


2.1 


0.065 


0.39+°°« 

— O.Oo 






34.405269 


-4.801233 


2.1 














22.4 


2.0 


0.077 


0.93+°^ 

w — ().()3 


43 


2-65l°;°79 


34.640708 


-5.171083 


3.1 


108 ± 21 


0.009 


903 ± 26 


0.002 


188 ± 17 


0.017 


19.1 


1.1 


N/A 


o.i5+n 5 7 






34.640676 


-5.172059 


2.2 










38 ± 3 


0.041 


22.3 


3.4 


0.018 


2.43+°" 


44 


i oq+0.98 

1,00 1 on 

1.80 


























> 


45 


-i OO+0.94 
- L, °°— 1.83 


34.578625 


-4.841361 


4.5 


65 ± 16 


0.035 


156 ± 11 


0.103 


24 ± 2 


0.199 


23.0 


>3.4 


0.131 


2.27 + n^ 
^••^ 1 —0.25 






34 576573 


-4 843538 


6.3 


30 ± 12 


0.124 


106 ± 20 


0.295 


24 ± 2 


0.318 


21.3 


3.6 


0.040 


1 36+2 ™ 


46 


2 28 + 2'°J 

z.zo_ 2 55 


























> 2.0 


47 


1 99 + S-?1 

— 2. 24 


34.374708 


-5.056222 


2.1 


57 ± 18 


0.011 


1477 ± 125 


0.002 


27 ± 2 


0.066 


21.8 


1.8 


N/A 


2 10+S12 

- LW — 0. 13 






34 374000 


-5 0551 39 


6.1 


88 ± 14 


0.037 






42 ± 4 


0.181 


22.2 


3.5 


0.083 


2 48 +0 - 10 






34.375875 


-5.057028 


5.1 


65 ± 19 


0.039 






76 ± 7 


0. 094 


19.8 


2.2 


0.017 


1 —0.04 






34.372978 


-5.056321 


5.6 










21 ± 2 


0.278 


20.5 


2.2 


0.044 


0-71±HS 






34.375091 


-5.057346 


3.1 










56 ± 5 


0.053 


19.3 


2.3 


0.004 


o.83±°:SI 


48 


9 oq+0.01 
Z.OU_ 2 52 


34.539312 


-4.468155 


2.9 


N/A 


N/A 


205 ±6 


0.038 


N/A 


N/A 


N/A 


N/A 


N/A 


2.0 ± i.0 a 


49 


9 qo+0.24 


34.427583 


-4.650025 


0.7 






43 ±4 


0.033 


5 ± 1 


N/A 


N/A 


N/A 


N/A 


> 1.9 a 


50 


9 2fi +0.01 
Z.ZU_ 2 . 5 () 


34.349250 


-4.587278 


6.7 


372 ± 24 


0.008 


975 ±8 


0.022 


N/A 


N/A 


N/A 


N/A 


N/A 


0.7 ± 0.5" 



Table B2: continued. 



No. 


S i . i jj.ni 






Dist 


•5*1.4 




$24 


P24 


$8.0 


P8.0 


K 


i — K 


pi— K 






yiLLO y j 




(deer) 


(") 
V J 


(uJv) 




(uJv) 




( //.Tvl 

y ) 




( maer) 


( maer) 










34.350000 


-4.591806 


9.8 


88 ± 30 


0.068 






N/A 


N/A 


N/A 


N/A 


N/A 


J.5 ± 0.5° 


51 


1.92+°^ 


























> i.f 


52 




34.417528 


-4.916742 


4.0 










12 ± 1 


N/A 


21.4 


2.5 


0.076 


l-43i°, 08 






34.419344 


-4.916439 


3.0 










32 ± 3 


0.089 


18.5 


1.3 


N/A 


0.56ir « 






34.419426 


-4.914115 


10.4 










47 ± 4 


0.357 


21.1 


4.0 


0.067 


i.36is:~ 






34.420239 


-4.912388 


17.4 


97 ±31 


0.155 


927 ± 39 


0.112 


671 ± 59 


0.098 


18.9 


0.7 


N/A 


1-S+ 005 
u.io_ 12 


53 


9 iq+o oi 


34.703512 


-5.000932 


12.0 










14 ± 1 


N/A 


21.4 


3.5 


0.099 


1 46+ 06 

x '^°-0.09 


54 




34.638576 


-4.968898 


2.2 






103 ±5 


0.029 


15 ± 1 


N/A 


24.8 


>1.6 


N/A 


4 07+ 1 - 63 

' -3.17 


55 


9 QS+0-01 
Z.OO_ 2 53 


34.762124 


-4.915183 


0.8 






297 ±5 


0.002 


51 ± 4 


0.006 


20.9 


4.0 


0.001 


-0.05 


56 


l-67±?;|i 


























> 1.8 


57 


2.24+°;° 3 


34.363693 


-5.111945 


2.7 










23 ± 2 


0.088 








> 2.0 



"The optical photometric redshift could not been measured because this object is outside of the optical map (or close to a bright star) 
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Figure Bl. Thumbnail images of AzTEC sources in the Lockman Hole. Each panel is 60 arcsec on a side and centred on the AzTEC 
position. From left to right: 1.1 mm, 1.4 GHz, 0.61 GHz, 24 (im, 8.0 /im, _fC-band and i-band. The IDs are marked on the relevant images: 
red pluses: 1.4 GHz IDs, blue diamonds: 24 /im IDs, brown crosses: 0.61 GHz IDs, green triangles: the 8.0 /im IDs, orange circles: the 
i — K > 2. Big symbols: reliable IDs (p < 0.05), medium symbols: tentative IDs (0.05 < P < 0.1), small symbols: bad IDs (p > 0.1). 
On the 1.1mm images all the ID symbols as well as a thick circle corresponding to the search radius (Sec. [3j are shown. The contours 
represent 1.1 mm flux and start at 3 mjy with a 1 mjy increment. The rest of the images is available in the electronic edition of the 
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1.1 mm 1.4 GHz 24 \irr\ 8.tfjim "K-band " i-band 



Figure B2. Thumbnail images of AzTEC sources in the UDS field. Symbols are the same as in Fig. [ST] The rest of the images is 
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Tabic B3: Radio and 24 fira identifications in the Lockman Hole field. 



No. 




Sl.ljam 


RAi 4 


DEC1.4 


Si. 4 


Dist. 




V 


RA 24 


DEC 24 


5 24 


Di 


St. 




V 


RAo.61 


DECo.61 


So. 61 


Dist. 


P 






(mJy) 


(deg) 


(deg) 


(MJy) 


(") 






(deg) 


(deg) 


(MJy) 


(") 






(dog) 


(deg) 


(MJy) 


(") 




1 


fi 


63i» 


85 
97 


163 


008040 


57 


681007 


258 ± 11 


2 


3 





002 


163 


008072 


57 


681003 


1642 ±11 


2 


3 





002 


163 


008390 


57.680893 


596 ± 24 


1.9 


0.001 
























163 


011618 


57 


679160 


123 ± 14 


7 


8 





206 














2 


6 


43+° 


90 
89 


163 


022900 


57 


607548 


66 ± 8 


6 


5 





038 


163 


023461 


57 


607408 


235 ± 6 


5 


4 





070 














3 


6 


21+J 


05 
92 


163 


237710 


57 


350926 


67 ± 7 


2 


8 





011 


163 


237751 


57 


350931 


636 ± 13 


2 


8 





008 


163 


237780 


57.351320 


149 ± 16 


1.5 


0.004 






163 


237530 


57 


352273 


36 ± 7 


2 


6 





019 
































4 


5 


27+° 


91 
97 


162 


686880 


57 


556959 


150 ± 12 


7 


4 





021 




















162 


687180 


57.556781 


121 ± 17 


7.1 


0.045 






162 
162 


686160 
682660 


57 
57 


554737 
555667 


56 ± 11 
43 ± 11 


2 

5 


1 

5 






009 
044 


162 
162 


686322 
687226 


57 
57 


554857 
553517 


284 ± 13 
30 ± 4 


2 
6 


2 
8 






013 
359 


162 


686720 


57.554341 


99 ± 17 


3.9 


0.025 


5 


4 


91 + 1 


02 
90 


163 


515860 


57 


431498 


138 ± 9 





5 





000 


163 


515574 


57 


431619 


232 ± 6 





3 





000 


163 


516050 


57.431526 


277 ± 19 


0.7 


0.000 


6 


4 


7«V+° 
'°— 1 


84 
00 


163 


173650 


57 


597852 


45 ± 8 


1 


9 





009 


163 
163 


174019 
174035 


57 
57 


597864 
597818 


37 ± 6 
30 ± 3 


1 
1 


2 
1 






052 
057 














7 


4 


75+^ 


89 
06 


163 


017480 


57 


448871 


102 ± 6 


5 


2 





018 


163 


017287 


57 


449199 


422 ± 16 


4 








023 


163 


017530 


57.448910 


189 ± 14 


5.1 


0.019 








163 


015030 


57 


451904 


49 ± 6 


6 


7 





050 


163 


015357 


57 


451936 


1179 ± 13 


6 


6 





016 


163 


016060 


57.451601 


58 ± 15 


5.2 


0.056 


8 


4 




97 
98 


163 


005230 


57 


412690 


110 ± 6 


2 


8 





006 


163 


005188 


57 


412736 


233 ± 5 


2 


9 





027 


163 


005520 


57.412444 


114 ± 16 


2.3 


0.010 


9 


4 


09t° 


90 
92 


163 


059220 


57 


557859 


68 ± 8 





8 





001 


163 


059445 


57 


557446 


21 ± 5 





8 





045 


163 


058850 


57.557735 


144 ± 19 


0.9 


0.002 
























163 
163 


058446 
057054 


57 
57 


558749 
555872 


202 ± 18 
86 ± 5 


4 
7 


3 
7 






059 
261 














10 


4 


15±° 


93 


163 


528620 


57 


552436 


77 ± 9 


3 


5 





014 


163 


528550 


57 


552555 


819 ± 12 


3 


3 





008 


163 


529300 


57.552327 


230 ± 27 


4.9 


0.015 


11 


3 




97 
89 


162 


877010 


57 


635730 


245 ± 11 


2 








002 


162 


876902 


57 


635812 


1120 ± 10 


2 


1 





002 


162 


877350 


57.635653 


428 ± 22 


2.4 


0.002 






162 


877810 


57 


634337 


35 ±11 


4 


7 





044 
































12 


3 




88 
95 


163 


069630 


57 


582199 


27 ± 9 


7 








074 






















































163 


072956 


57 


583444 


39 ± 3 


2 


5 





137 


163 


073580 


57.583051 


80 ± 19 


4.3 


0.034 


13 


4 


1 r + 1 


02 
11 


162 


921340 


57 


721734 


77 x 18 


7 


5 





039 


162 


921717 


57 


721935 


285 ± 4 


7 


3 





089 


162 


922070 


O 1 . 1 ZLVtiZ 


171 ± 22 


7.6 


0.037 


14 


3 


-1-0 

61 1° 


92 
94 


163 


084400 


57 


665143 


35 ± 9 





6 





002 


163 


084430 


57 


664533 


173 ± 8 


2 


8 





036 














15 


3 


73+? 


94 
00 


163 


235830 


57 


706780 


88 ± 12 


3 


8 





013 


163 


235873 


57 


706928 


441 ± 8 


3 


4 





017 


163 


236410 


57.706625 


132 ± 20 


4.9 


0.026 


16 


3 


<»tS 


96 
95 


163 


422140 


57 


537473 


121 ± 8 


1 


9 





003 


163 


422245 


57 


537543 


533 ± 10 


1 


6 





004 


163 


422620 


57.537360 


216 ± 24 


1.6 


0.003 
























163 


425379 


57 


538780 


183 ± 7 


5 


9 





104 














17 


3 


61+J 


02 
98 


163 


329930 


57 


352418 


105 ± 6 


4 


1 





012 


163 


330322 


57 


352432 


406 ± 6 


3 


8 





022 


163 


330090 


57.352413 


263 ± 14 


3.9 


0.009 


18 


3 


19±g 


97 






































163 


103080 


57.643072 


97 ± 30 


3.8 


0.025 


19 


3 


19+" 
— 


97 
92 


162 


873630 


57 


613839 


106 ± 11 


1 


1 





001 


162 


873701 


57 


613663 


194 ± 6 


1 


1 





007 


162 


873830 


57.613666 


162 ± 20 


1.4 


0.003 
























162 


870019 


57 


614230 


143 ± 6 


6 


3 





141 














20 


3 


37+ 1 


11 

08 


163 


438430 


57 


277931 


31 ± 8 


6 


9 





077 


163 


438389 


57 


277666 


174 ± 12 


7 


3 





164 




















163 


440710 


57 


280218 


26 ± 8 


2 


6 





029 


163 


441198 


57 


277670 


60 ± 7 


7 


9 





356 














21 


3 


07+° 

— 


91 
97 




















162 
162 
162 


882483 
880905 
881545 


57 
57 
57 


528237 
524897 
526417 


163 ± 6 
210 ± 6 
25 ± 2 


8 
4 
1 


1 

5 
6 







176 
061 
117 














22 


3 


19 +1 

-0 


10 

99 


163 


233880 


57 


400757 


93 ± 5 


6 


7 





030 




















163 


233200 


57.401123 


63 ± 17 


8.4 


0.089 










163 


235770 


57 


399629 


76 ± 5 


2 








006 


163 


235570 


57 


398985 


976 ± 72 





5 





000 


163 


235270 


57.399845 


267 ± 16 


2.7 


0.005 










163 


235610 


57 


398088 


19 ± 6 


3 


7 





058 




















163 


236310 


57.397990 


84 ± 16 


4.4 


0.037 










163 


231580 


57 


398130 


17 ± 6 


8 


2 





086 
































23 


3 


13+J 


04 
12 


163 


338730 


57 


288664 


40 ± 8 


5 


6 





054 


163 
163 


339525 
340381 


57 
57 


288594 
286669 


376 ± 37 
35 ± 6 


4 
6 


1 

2 






029 
413 














24 


3 


oiti 


04 
06 


163 


159970 


57 


411082 


42 ± 5 


3 


2 





024 


163 


160031 


57 


411485 


88 ± 20 


4 


6 





157 


163 


159940 


57.410476 


132 ± 15 


1.1 


0.003 








163 
163 


159440 
162320 


57 
57 


409936 
412221 


32 ± 5 
14 ± 5 


1 
8 


9 
2 






015 
086 


163 
163 


160159 
160129 


57 
57 


410157 
411534 


370 ± 28 
48 ± 5 




4 


3 
7 






000 
270 


163 


159940 


57.410476 


132 ± 15 


1.1 


0.003 


25 


2 




04 
93 


162 


777040 


57 


576881 


56 ± 11 


7 


2 





056 


162 


776500 


57 


576868 


1126 ± 26 


7 


9 





025 


162 


777330 


57.577005 


83 ± 27 


6.5 


0.064 






162 


781960 


57 


577321 


42 ± 11 


6 


3 





061 
































26 


3 


07ti 


14 
26 


162 


748710 


57 


276582 


28 ± 8 


1 


1 





008 


162 


748983 


57 


276752 


70 ± 6 





4 





004 


162 


748960 


57.276601 


67 ± 15 


1.0 


0.005 








162 


748020 


57 


279106 


26 ± 7 


8 


3 





121 




















162 


744920 


57.278801 


52 ± 15 


10.5 


0.132 



s 

S3 

g 
Co 



as 



27 


2 


89 


28 


2 


73 


29 


2 


73 


30 


2 


65 


31 


3 


13 



36 
37 



+ 1.10 
-1.13 



+ 1.11 
-1.08 
+ 1.05 
-1.12 
+ 0.94 
-1.09 
+ 1.44 
-1.60 



33 


2 


51 


34 


2 


65 


35 


2 


51 



2 7 o + 1.12 
^ ' J -1.16 



+ 1.03 
-1.02 
+ 1.03 
-1.21 
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9 7Q+1-22 
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,+ 1.12 
J -1.32 



r +0.98 
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, + 1.07 
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, + 1.19 
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°-1.12 
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lfi.'-i 
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7 .31D1U 7 
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6.2 





022 
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( 9603 


57 


oiouyy 
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082598 


57 
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078117 


57 


314455 


162 


847080 


57.366224 


51 ± 5 


2.4 





014 


162 


846960 


57 


365802 


163 


610970 


57.620802 


67 ± 18 


12.7 





119 
























163 


600920 


57 


618918 
















163 


610438 


57 


619999 
















163 


610370 


57 


620138 


162 


673560 


57.358630 


45 ± 7 


4.2 





037 


162 


673860 


57 


358644 
















162 


670881 


57 


355197 


163 


191330 


57.522224 


83 ± 7 


1.2 





002 


163 


191746 


57 


522194 
















163 


162951 


57 


387493 


163 


486250 


57.498767 


79 ± 8 


6.9 





043 


163 


486757 


57 


498488 
















163 


A Q A & HA 


57 


4yyoou 
















163 


482260 


57 


499574 
















163 


482261 


57 


499612 
















163 


486917 


57 


498591 


163 


456170 


57.266529 


29 ± 9 


4.9 





073 


163 


455746 


57 


266403 


1 f i 3 






27 i 9 


6 





103 










162 


973890 


57.224526 


110 ± 7 


10.3 





057 


162 


974277 


57 


224773 


162 


963760 


57.225744 


70 ± 7 


11.7 





101 


162 


963737 


57 


225631 


162 




O / . zzo / Ul 


31 ± 8 


9.1 





139 
























162 




57 


99Qfi79 
















162 


975480 


57 


226052 
















162 


973006 


57 


223882 


162 


819690 


57.536226 


40 + 9 


2.3 


o 


017 


162 


819698 


57 


536024 


162 


817100 


□ 1 . □O'iUUO 


24 i 8 


8 





137 
























162 


817929 


57 




163 


051110 


57.263759 


91 + 6 


3.0 


o 


011 


163 


050327 


57 


263995 


ifi.'-i 


047R90 




29 + 6 


6.8 


o 


112 


163 


047705 


57 


9(S4 r iQS 

ZU-i'JJO 
















163 


OM 9.7Q 


57 


— O O • J 
















163 


047740 


57 


ZU1UO 1 
















163 


051933 


57 


263438 


163 


113650 


57.565914 


53 + 8 


6.0 


o 


054 


163 


114050 


57 


565839 


1 f i 3 
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50 i 9 


5 9 
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163 
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57 


















163 


106617 


57 
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163 


111345 


57 


















lfi.'-i 


116447 


57 
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822738 


57 


674594 
















162 


O ± -J i p.J p.J 


57 
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57 


fi7^Q.dfi 
















162 


816648 


57 


675723 
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820648 


57 


674002 


162 


741040 


57.313558 


25 + 6 


6.9 





137 


162 


741298 


57 


313471 
















162 


740899 


57 


308206 
















162 


742499 


57 


314974 


162 


969100 


57.356797 


41+6 


4.5 


o 


049 


162 


969181 


57 


356773 


162 


973420 


57.354826 


21 + 7 


6.8 


o 


147 


162 


973279 


57 


354767 
















162 


974519 


57 


353088 


163 


179740 


57.570097 


80 + 8 


11.9 





093 


163 


179551 


57 


570206 


163 


169940 


57.569688 


28 + 8 


9.9 





164 
























163 


174804 


57 


565838 
















163 


176280 


57 


568225 


162 


980280 


57.638882 


52 + 9 


5.9 





055 


162 


980860 


57 


638985 



239 ± 27 


6.3 





096 


163.080110 


57.315767 


188 ± 12 


6.1 





028 


357 ± 8 


9.5 





118 














48 + 3 


1.2 





043 














132 ± 6 


4.0 





092 


162.846750 


57.365700 


84 ± 14 


4.4 





041 


155 ± 5 


8.8 


o 


260 














54 + 3 


10.4 





609 














49 + 9 


10.5 





633 














145 ± 7 


4.8 





111 


162.674020 


57.358556 


128 ± 18 


5.0 





033 


183 ± 4 


11.0 
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162.672330 


57.355239 


50 ±16 


10.9 
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1009 ± 36 


1.5 
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2.9 





012 


68 + 5 


11.2 
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3.9 





279 














33 + 4 


4.0 


o 
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26 + 8 


8.1 
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163.486520 


57.498862 


141 ± 25 


7.5 





053 










163.481650 


57.501131 


86 ± 25 


9.6 
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5.5 





093 
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5.6 


o 
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146 i 13 


11.0 
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11.8 
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162.9(>42!)0 
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132 ± 15 


10.8 





096 


584 ± 38 
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11.3 


o 
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29 + 4 


10.7 


o 
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162.973990 


57.224300 


146 ± 13 


11.0 


o 
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162.968830 


57.227743 


48 ± 15 


5.6 





102 


109 ± 5 


2.3 


o 


050 














35 + 3 


5.6 


o 


454 
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2.6 


o 


022 
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3.2 


o 


013 
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6.6 


o 


505 














20 + 6 


4.4 


o 
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840330 


57.709211 


165 zb 18 




0.011 


162 


840469 


57.709222 


162 


849000 


57.709257 


59 zb 17 


15.3 


0.218 




















162 


BO f 544 


rT Ti inn 
O I . i 149ol 














162 


842358 


57.712567 














162 


848382 


57.708510 














162 


847692 


57.711210 


162 


920420 


57.188941 


63 ± 9 


1.4 


0.005 


162 


921043 


57.188856 



681 ± 28 


4.7 


0.022 


163.193470 


57.296584 


148 zb 12 


5.2 





038 


191 ± 6 


11.6 


0.353 














205 ± 5 


15.7 


0.472 














415 i 8 


3.7 


0.026 


loo.zoozoU 


C7 OQOK 1 1 


oon i 1 t 
zyu ± If 


5.2 





017 








163.286260 


57.280806 


95 zb 17 


12.4 


o 


196 


80 ± 5 


15.1 


0.765 














137 ± 2 


7.8 


0.288 














123 ± 26 


9.6 


0.383 














149 ± 5 


4.7 


0.122 














386 zb 13 


4.6 


0.040 


i ao Qi~»9i~»«n 

lDZ.yt)ZiloU 


O I . U0040U 


190 zb 27 


5.7 





031 


59 zb 4 


8.6 


0.579 














345 zb 10 


10.9 


0.180 


162.956790 


57.688701 


85 zb 25 


12.4 





197 


410 zb 17 


15.7 


0.252 














139 zb 19 


6.7 


0.221 














172 zb 13 


16 6 


535 














17 zb 4 


6 5 


810 














133 zb 5 


14.7 


0.567 














106 zb 17 


6.7 


0.285 














154 =b 2 


13.5 


0.474 


163.451580 


57.563417 


112 zb 27 


11.8 





152 


406 zb 9 


2 8 


016 














43 zb 3 


8.4 


0.674 














46 zb 5 


9 9 


721 














28 zb 3 


7.1 


0.727 














122 zb 7 


8 3 


346 














90 zb 6 


16 


757 














172 ± 13 


16.9 


0.569 














132 =b 6 


16.2 


0.640 














286 zb 8 


7.2 


0.123 


163.577230 


57.578342 


109 zb 29 


5.5 


o 


058 


446 zb 6 


3.0 


0.018 














220 zb 6 


17 2 


497 














155 zb 5 


9 9 


350 














43 zb 3 


















197 zb 4 




227 














90 zb 4 


11 7 


598 




















lOO . Ol / 


o i . oooj-oy 


61 zb 15 


16 3 


Q 


306 


862 zb 41 


5.1 


0.019 




O f .OoUyz4 


ncn _i_ oo 

yoy zt zz 


6.8 





007 








162.902240 


57.629708 


72 zb 21 


11.6 





213 


305 zb 17 


6.0 


0.083 














21 =b 5 


11.0 


0.882 














49 zb 3 


16.7 


0.868 














25 zb 7 


10 9 


873 




















1 R9 Qftfil on 
ioz.yuoi.yu 


^7 R^9zLSR 

■J I . O O Z 4: o o 


115 zb 22 


4 7 


Q 


041 


401 zb 9 


4.1 


0.033 


loz. o4U:'4U 


o f . f uyz f i 


nog i OA 
zoo zt z4 


3.6 





010 


152 zb 8 


18.3 


0.666 














20 zb 4 


8.5 


0.899 














24 =b 5 


15.1 


0.932 














17 =b 5 


12.8 


0.922 




















162.832080 


57.708247 


77 =b 25 


19.1 





349 


119 zb 5 


1.7 


0.033 


162.921320 


57.188833 


82 =b 17 


2.1 





018 



162.918760 
162.916560 



57.183850 
57.187867 



90 
91 



q + 1.00 
-1.43 



q + 0.97 
-1.57 



i.79t;-»s 



1 7Q+0.81 



„ + 0.93 
a -1.51 



1.65 
1 



+ 0.90 
1.57 



+ 0.63 
-1.81 



37 ± 8 
29 ± 9 



17.3 
7.8 



0.323 
0.172 



162 


926940 


57.185605 


28 ± 9 


16.7 


0.354 


162 


927541 


57 


186058 


145 ± 7 


16.7 





628 




























162 


927389 


57 


189506 


374 ± 8 


14.2 





252 




























162 


925405 


57 


190720 


34 ± 4 


12.6 





895 




























162 


917411 


57 


192994 


56 ± 5 


16.9 





885 
















163 


430310 


57.425037 


199 ± 6 


14.2 


0.061 


163 


430173 


57 


425106 


1081 ± 21 


14.1 





081 


163 


431420 


57.425120 


393 ± 15 


13.4 





056 


163 


434000 


57.425647 


102 ± 7 


11.7 


0.090 


163 


433984 


57 


425613 


865 ± 16 


11.8 


o 


078 


163 


435020 


57.425695 


153 ± 15 


12.1 


o 


125 


163 


431700 


57.429228 


46 ± 7 


2.3 


0.017 


163 


432225 


57 


429068 


41 ± 5 


1.2 





059 


163 


431740 


57.428725 


89 ± 18 


1.6 





010 


163 


437830 


57.432205 


34 ± 7 


16.0 


0.304 


163 


437699 


57 


432524 


410 ± 18 


16.7 





283 


163 


438490 


57.432649 


65 ± 20 


18.0 





331 


163 


431520 


57.426063 


30 ± 7 


10.0 


0.218 
































163 


427800 


57.424773 


22 ± 6 


17.2 


0.348 


















163 


428200 


57.424464 


95 ± 14 


17.7 





275 


163 


425140 


57.431842 


22 ± 6 


18.1 


0.344 












































163 


431593 


57 


428092 


112 ± 13 


3.2 





093 


163 


431740 


57.428725 


89 ± 18 


1.6 





010 














163 


437965 


57 


431518 


32 ± 9 


14.3 





900 
















163 


128230 


57.369305 


61 ± 6 


2.0 


0.010 


163 


128037 


57 


369335 


193 ± 7 


1.6 





016 


163 


128500 


57.369428 


89 ± 14 


2.5 





020 


163 


121800 


57.367376 


46 ± 5 


13.0 


0.215 


163 


121551 


57 


367324 


108 ± 6 


13.5 





624 


163 


121350 


57.367128 


85 ± 15 


14.2 





249 


163 


120910 


57.373063 


29 ± 5 


17.9 


0.361 


163 


120880 


57 


372842 


113 ± 8 


17.3 





727 




























163 


130124 


57 


364734 


81 ± 11 


17.9 





831 




























163 


124659 


57 


365240 


49 ± 4 


16.0 





889 




























163 


135937 


57 


368598 


110 ± 8 


17.2 





733 
















162 


655010 


57.541291 


52 ± 12 


2.1 


0.013 


162 


654827 


57 


541280 


337 ± 10 


1.8 





010 


162 


655330 


57.540959 


136 ± 16 


3.1 





018 


162 


658900 


57.543568 


39 ± 11 


12.5 


0.229 
































162 


659770 


57.540565 


36 ± 11 


11.7 


0.227 












































162 


650163 


57 


543357 


121 ± 17 


10.2 





441 




























162 


649113 


57 


543860 


24 ± 5 


12.9 





913 




























162 


653829 


57 


543339 


27 ± 5 


7.1 





765 
















163 


492020 


57.667372 


84 ± 11 


6.9 


0.052 


163 


491745 


57 


667601 


335 ± 8 


7.9 





121 


163 


492140 


57.667187 


260 ± 35 


6.3 





028 


163 


503660 


57.664778 


40 ± 12 


18.0 


0.331 
































163 


488050 


57.662641 


39 ± 11 


17.6 


0.327 
































163 


496160 


57.663100 


36 ± 12 


11.0 


0.220 


163 


496206 


57 


663085 


195 ± 6 


11.1 





336 


163 


496180 


57.663230 


124 ± 30 


10.5 





132 














163 


487676 


57 


664595 


141 ± 6 


14.3 





568 




























163 


501916 


57 


667912 


55 ± 9 


15.6 





880 




























163 


485560 


57 


666597 


39 ± 4 


17.5 





934 




























163 


503151 


57 


663772 


27 ± 3 


18.4 





921 
















162 


656590 


57.479112 


421 ± 10 


3.2 


0.002 


162 


656425 


57 


479090 


968 ±11 


2.9 





006 


162 


656760 


57.478953 


710 ± 17 







003 


162 


646780 


57.477733 


48 ± 10 


16.6 


0.267 


162 


646676 


57 


477563 


307 ± 7 


17.0 





378 


162 


647460 


57.477183 


63 ± 17 


16.1 





327 














162 


654172 


57 


476494 


117 ± 7 


9.7 





429 




























163 


543413 


57 


554149 


48 ± 3 


15.5 





901 




























163 


550009 


57 


554730 


36 ± 5 


14.1 





919 




























163 


197334 


57 


184814 


40 ± 3 


16.6 





923 












































163 


196510 


57.188842 


75 ± 14 


2.6 





026 






























163 


202670 


57.190326 


55 ± 14 


14.4 





332 






























163 


194840 


57.186583 


50 ± 15 


10.0 





258 



Table B4: All radio and 24 /im identifications in the UDS field. 



No. 


Si.i^im 


RA1.4 


DEC1.4 


Si. 4 


Dist. 


V 


RA 24 


DEC 24 


S24 


Dist. 


P 




(mJy) 


(deg) 


(deg) 


(MJy) 


(") 




(deg) 


(deg) 


(MJy) 


(") 




1 


c 2 Q+1.4U 
J - zy -1.68 












34.411903 


-4.559684 


95 ±2 


6.7 


0.211 


2 


°-^ v -1.34 












34.442192 


-4.796477 


77 ±7 


5.3 


0.199 


3 


Q 7C- + 1-22 
°-'°-1.18 


34.479333 


-4.789667 


113 ±20 


1.5 


0.002 


34.479359 


-4.789783 


776 ±11 


1.3 


0.002 


4 


4.39tl;£ 












34.630307 


-4.650681 


107 ±5 


9.5 


0.325 


5 




34.425542 


-4.941028 


89 ± 17 


1.0 


0.002 












6 




34.677833 


-4.992167 


105 ± 16 


4.3 


0.014 


34.677600 


-4.991972 


924 ± 37 


3.7 


0.009 



7 


3 


qq+1.57 
aa -1.67 














34.233034 
34.233708 


8 


3. 


gg+159 
aa -1.82 


34.424875 


-4. 


.525111 


153 ± 24 


5.8 


0.016 


34.424837 


9 


3. 


7C+1-90 
' d -2.37 


34.598958 


-5. 


.193944 


36 ± 12 


9.7 


0.147 


34.598853 
34.598925 
34.593195 
34.597081 


10 


3 


n7 +1.21 
u ' -1.31 


34.568708 


-4. 


919111 


240 ± 15 


7.1 


0.013 


34.568580 


11 


3 


29Zi;|i 


34.283750 


-4. 


935194 


59 ± 15 


8.7 


0.077 


34.283849 
34.281025 
34.286451 


12 


3 


9Q+1.66 

' zy -1.94 
















13 


2. 


OQ+1-19 
00 -1.36 


34.618958 


-4. 


.912472 


55 ± 19 


9.3 


0.084 




14 


2 


qo+134 
ao -1.52 














34.420986 


15 


2. 




34.477833 


-4. 


.741806 


67 ± 14 


13.0 


0.110 










34.477875 


-4, 


736583 


34 ± 13 


6.0 


0.078 










34.478542 


-4. 


.739333 


61 ±18 


4.2 


0.028 


34.478647 


16 


2. 


931^1 


34.317708 


-4. 


966000 


125 ± 26 


10.8 


0.054 


34.317740 
34.313998 


17 


3. 




34.299750 


-4. 


721611 


59 ±20 


5.4 


0.045 


34.300088 


18 


3. 


1 I +1.52 
ii -2.65 














34.355212 
34.348184 
34.348378 
34.350123 


19 


3 


r)o + 0.94 

zo -3.27 














34.774804 
34.775762 


20 


2. 


qo+1.34 
ao -2.61 














34.425295 
34.420856 


21 


2. 


RQ+1.61 
uo -1.77 


34.538958 


-5, 


.076250 


65 ±20 


12.5 


0.135 


34.538877 


















34.543201 


22 


2. 




34.616125 


-4. 


.893111 


42 ± 16 


14.7 


0.185 


34.618624 


23 


2 


47 +1.26 

-1.57 


34.585958 


-4, 


958528 


126 ± 34 


9.9 


0.050 


34.586312 


24 


2 


< 8 -2.81 
















25 


2. 


qq+0.70 
ac >-2.89 


34.605208 


-5. 


.156611 


53 ± 18 


0.3 


0.000 


34.608533 
34.603987 


26 


2. 


O7+1.30 
z '-1.48 














34.634092 


27 


2 


.66t° 2 f 8 


34.659875 


-4. 


581861 


62 ±23 


8.6 


0.084 


34.659761 
34.662821 
34.659849 
34.660219 


28 


2. 


97+1.21 
z ' -1.73 


34.511917 


-5, 


.008611 


529 ± 14 


14.1 


0.019 


34.511864 



34.507718 
34.508261 



4 


.759176 


174 ± 10 


2.0 





.023 


4 


.756331 


143 ± 9 


10.4 





.306 


4. 


.525333 


329 ± 12 


5.2 





.053 


5. 


.194038 


95 ± 16 


9.4 


0. 


.447 


5. 


.196769 


147 ±9 


15.0 


0. 


.518 


5. 


.190765 


64 ±3 


14.9 





.747 


5. 


.196744 


34 ±4 


11.9 


0. 


.797 


4. 


.919129 


1047 ± 33 


6.7 


0. 


.021 


4. 


.935368 


198 ±6 


8.1 


0. 


.185 


4. 


.935302 


33 ±5 


12.1 


0. 


.705 


4 


.936322 


17 ±2 


11.5 





.306 


4, 


.767350 


426 ±9 


9.9 


0. 


.114 


4 


.739425 


464 ± 10 


4.7 





.032 


4. 


.966248 


843 ± 10 


10.0 





.056 


4 


.967851 


90 ±7 


13.9 


0. 


.609 


4 


.721689 


137 ± 16 


6.6 





.218 


4 


.532161 


109 ±6 


16.0 





.689 


4. 


.527019 


202 ± 7 


15.6 


0. 


.467 


4. 


.532473 


70 ±7 


18.0 


0. 


.844 


4. 


.530609 


51 ±4 


8.8 





.662 


4. 


.897214 


118 ± 12 


17.1 


0. 


.681 


4. 


.891686 


34 ±6 


3.5 





.345 


r, 
u. 


1 1 SI QQ 
1101 




i s n 

J-O.U 






5. 


.125052 


88 ±8 


18.1 


0. 


.800 


5. 


.076049 


637 ± 17 


13.3 





.129 


5. 


.078746 


58 ±2 


8.3 


0. 


.576 


4 


.887246 


40 ±4 


10.7 





.741 


4. 


.959017 


195 ±5 


9.5 





.249 


5. 


.158794 


141 ±5 


14.1 


0. 


.527 


5. 


.159477 


117 ±20 


11.4 


0. 


.487 


4. 


.941660 


266 ± 13 


3.6 


0. 


.042 


4. 


.581780 


396 ± 17 


8.8 


0. 


.114 


4. 


.580741 


249 ±9 


2.8 





.029 


4. 


.583152 


20 ±4 


11.2 


0. 


.850 


4. 


.580278 


33 ±5 


7.1 





.675 


5. 


.008660 


1172 ± 50 


14.2 





.074 


5. 


.009330 


151 ± 10 


17.3 





.608 


5. 


.005937 


134 ± 11 


7.2 


0. 


.257 



o 



S 



S5 



29 

30 

31 
32 

33 

34 
35 



39 
40 

41 
42 



2.i3ti;g 



2.27] 



2.85 



+0.01 
3.01 



2.13 



+ 1.05 

2.01 



9 rn +1,13 

z - uo -1.92 



2.031J;" 
2 1Q+ - 57 



36 


2 


17 


37 


1 


99 


38 


2 


64 



•+0.61 
2.29 
1.02 
-1.88 
+0.01 



2 42+ - 01 

z -^-2.66 



1.9412-S 



i oo + l.OO 
l.OO.j g2 



34.486417 
34.483500 



34.373208 
34.377625 
34.380250 



34.530583 
34.305542 



-4.877444 88 ± 17 
-4.881250 54 ±20 



34.529958 -4.737167 68 ± 



19 



-4.993639 81 ± 13 
-4.993472 63 ± 15 
-4.989750 32 ± 12 



-4.827694 67 ± 20 
-4.982639 54 ± 16 



6.4 0.040 
11.3 0.140 



3.7 0.023 



16.8 0.175 
2.5 0.013 
17.8 0.321 



5.8 0.047 
4.4 0.038 



34.508090 
34.486430 

34.484522 
34.484959 
34.420620 
34.427263 
34.423402 
34.565159 
34.568994 

34.525632 
34.530918 
34.373355 

34.380261 
34.378463 
34.377084 
34.530710 
34.532985 

34.301078 
34.301982 
34.299203 
34.471748 
34.375103 
34.376996 
34.371440 
34.374011 
34.237126 
34.234002 



43 



2 65+ ' 01 



34.611500 


-4.825250 


56 ± 18 


2.3 


0.014 














34.616148 












34.610162 


34.612875 


-4.746444 


36 ± 13 


18.2 


0.295 














34.607719 


34.400958 


-4.801972 


126 ± 28 


16.7 


0.120 


34.400986 


34.405167 


-4.798000 


64 ± 14 


9.7 


0.110 


34.405089 


34.406167 


-4.801278 


142 ± 16 


3.4 


0.009 


34.406547 












34.405351 












34.399962 












34.402387 












34.408115 












34.404316 


34.640708 


-5.171083 


108 ± 21 


3.1 


0.009 


34.640900 



5 


007461 


32 ±1 


11.0 





846 


4 


877678 


435 ±7 


6.0 





056 


4 


881337 


157 ± 12 


10.4 





359 


4 


880100 


33 ±6 


5.8 





601 


5 


042508 


121 ±7 


17.1 





694 


5 


039770 


1 _1_ 1 C 


16.3 


n 
u 




5 


038808 


100 ±4 


2.3 





065 


5 


212831 


114 ±9 


9.1 





361 


5 


217467 


104 ±7 


13.0 





541 


4 


733848 


325 ± 11 


18.3 





395 


4 


742369 


167 ±9 


18.4 





629 


4 


993668 


539 ± 14 


16.3 





219 


4 


989742 


236 ±9 


17.9 





501 


4 




(SO + 4 

UU ZC <± 


1U.O 


u 


oou 


4 


997223 


49 ±6 


11.6 





818 


4 


827852 


407 ±9 


6.1 





063 


4 


826688 


173 ± 46 


15.2 





514 


4 


983261 


38 ±5 


12.1 





846 


4 


986214 


191 ± 28 


16.0 





496 


4 


961543 


63 ±6 


10.0 





645 


4 


981573 


42 ±4 


13.0 





876 


5 


164719 


220 ± 13 


2.1 





020 


5 


163692 


109 ±9 


6.1 





232 


r. 
o 


1 R4R47 


+ 1 n 

OO ZC 1KJ 


1 4 


n 
u 


642 


5 


163650 


29 ±4 


5.3 





542 


4 


675920 


156 ±5 


7.6 





225 


4 


R79071 




10.2 


n 
u 


^79 


4 


824096 


265 ±7 


18.8 





488 


4 


828669 


100 ±8 


10.9 





560 


4 


743902 
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